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PREFACE. 


HIS  volume,  the  Author  is  happy  to  say,  represents 


the  accomplishment  of  a purpose  which  he  has 
had  before  him  for  the  last  fifteen  years.  Several  times 
has  the  work  been  commenced  by  him,  only  to  be  in- 
terrupted by  ill-health  or  the  pressure  of  duty  in  other 
directions.  In  the  meantime,  the  need  of  such  a volume 
has  been  constantly  felt,  both  by  the  Author  himself  and 
other  teachers,  in  the  waste  of  time  and  toil  in  their 
class-work  for  want  of  a Text-book  on  Dairying,  and  by 
students  desirous  of  mastering  the  subject.  These  delays, 
however,  have  brought  with  them  some  compensation  in 
the  opportunities  given  for  testing  previous  experiences 
and  for  developing  teaching  .methods ; and  the  Author 
now  offers  the  results  of  his  labours  in  a form  which  he 
trusts  will  be  found  the  most  useful  for  the  purposes  of 
both  the  student  and  the  practical  worker. 

The  work  may  be  described  as  a Handbook  for  the 
“ Dairyer,”  a term  which  is  used  throughout  the  volume  as 
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distinguishing  the  manufacturer  of  dairy  produce  from  the 
“Dairy-farmer”  or  the  “Dairyman,”  neither  of  whom  is 
necessarily  a maker  of  cheese  or  butter.  For  this  apt  and 
comprehensive  term  we  are  indebted  to  Dr.  F.  T.  Bond, 
of  Gloucester,  who  has  laid  the  community  under  far 
greater  obligations  by  organising  the  first  British  Dairy 
Conference,  as  well  as  by  personal  research  and  enthusiasm 
in  the  spread  of  knowledge. 

Now  that  his  rivals  of  America  and  the  Continent  are 
pressing  on  eagerly  and  persistently  to  the  attainment 
of  the  best  methods,  it  is  dhorh  than  ever  necessary  that 
the  British  Dairyer  should  master  his  art.  This  cannot  be 
done  without  a thorough  study  of  milk — its  composition, 
character,  and  capabilities,  and  the  influences  to  which 
these  are  subject — as-  a preliminary  to  careful  study  and 
observation  of  the  processes  by  which  cream,  butter,  and 
cheese  are  obtained  from  the  milk.  And  with  this  there 
must  be  unwearying  endeavour  after  perfection  in  the 
actual  work  of  the  dairy.  Unless  the  theory  of  his  art 
be  understood,  the  Dairyer  will  either  repeat  the  same 
procedure  day  by  day  without  reference  to  changing  con- 
ditions which  may  upset  his  methods ; or  he  will  alter  his 
methods  blindly,  following  (it  may  be)  mere  convenience 
only,  or  taking  up  with  practices  which  are  inconsistent 
with  the  system  or  conditions  under  which  he  has  to 
work. 

To  master  the  theory  of  Dairying,  some  acquaintance 
with  the  elementary  truths  of  Chemistry  and  Physics,  and 
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the  conclusions  arrived  at  by  recent  observers  in  those 
departments,  is  required  ; and  the  Author,  in  his  own 
teaching,  has  found  that  those  pupils  who  had  acquired  a 
fair  elementary  knowledge  of  natural  science  have  invari- 
ably learned  more  easily,  and  retained  more  certainly,  and 
followed  more  successfully,  the  practical  teachings  of  dairy 
work,  than  those  who  had  not  enjoyed  the  like  advantage. 
In  his  first  chapter,  therefore,  he  has  aimed  at  giving  a 
“ foundation  ” of  natural  science,  so  plainly  expressed  that 
any  one  in  training  for  dairy  work  who  is  familiar  with 
elementary  arithmetic  may  be  able — at  all  events  with  the 
help  of  a dictionary — to  master  that  portion  of  the  subject. 
It  has  been,  of  course,  impossible  to  avoid  the  use  of 
scientific  terms,  but  care  has  been  taken  to  make  them  as 
clear,  and  as  easy  to  use  and  remember,  as  may  be. 

On  the  basis  of  Chapter  I.  is  laid  the  work  of  the 
following  six  chapters,  all  relating  to  Milk  and  the  con- 
ditions of  its  production  and  existence,  matters  with 
which  every  Dairyer  ought  to  be  familiar.  (All  the  rest  of 
the  book,  it  may  be  mentioned,  is  written  on  the  assumption 
that  these  earlier  chapters  have  been  carefully  studied.) 
Chapter  VIII.  deals  with  the  general  principles  of  Cheese- 
making ; and  in  Chapters  IX.  to  XVI.  the  various  local 
systems  of  Cheese-making  are  dealt  with. 

The  two  next  succeeding  chapters  are  occupied  with  the 
separation  of  Cream  and  the  making  of  Butter  ; and  it 
may  here  be  pointed  out  that  it  will  be  advantageous 
to  the  Cheese-maker  to  read  the  chapters  concerning 
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Butter-making,  and  to  the  Butter-maker  to  make  himself 
acquainted  with  the  theory  of  Cheese-making,  if  only  to 
master  the  various  phenomena  which  are  common  to  both 
manufactures.  In  like  manner,  the  Cheese-maker — no 
matter  what  system  he  may  pursue — is  advised  to  read 
up  the  accounts  of  the  several  systems  here  given,  and 
then  to  make  a special  study  of  his  own. 

In  the  last  two  Chapters,  the  subject  of  Testing  and 
Analysis  of  the  constituents  of  milk  and  its  compounds, 
and  the  question  of  recording  the  results  of  the  Dairyer’s 
observations  and  experiments,  are  briefly  considered. 

It  is  hardly  necessary  to  say  that  the  Author  does  not 
pretend  to  have  exhausted  the  subject  with  which  this 
volume  is  concerned.  His  aim  has  been  to  furnish  a 
Handbook  which  should  be  of  practical  utility  to  the 
Dairyer  in  preparation  for  work,  and  for  constant  reference 
in  the  dairy.  With  this  view,  the  illustrations  throughout 
the  volume  have  been  specially  prepared  for  the  purpose, 
and  where  particular  appliances  are  mentioned  they  have 
been  selected  as  applications  of  the  principles  referred  to. 


Keynsham,  near  Bristol, 
February  1894. 
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CHAPTER  I. 

A FOUNDATION  OF  NAT  UFA  I SCIENCE. 


Elements  and  Compounds. — Our  study  may  well  commence 
with  the  simplest  forms  of  matter.  It  is  found  that  all  natural 
substances  are  formed  out  of  some  sixty-seven  materials,  just  as  all 
the  words  in  the  English  language  are  formed  out  of  the  twenty- 
six  letters  of  the  alphabet.  These  materials  cannot  be  divided  into 
unlike  substances,  and  are  therefore  called  elements , to  distinguish 
them  from  the  many  forms  of  matter  in  which  two  or  more  of  them 
are  combined,  and  which  are  known  as  compounds.  The  elements 
are  sometimes  found  in  a free  state,  but  generally  in  combination 
with  each  other,  and  this  with  so  many  variations  in  kind  and  pro- 
portion as  to  give  the  infinite  variety  which  we  see  in  nature. 

Elements  may  again  be  divided  into  metals  and  non-metals, — the 
former  answering,  more  or  less,  to  the  general  meaning  of  the  term,  the 
latter  covering  the  rest. 

Only  eleven  of  these  elements  are  believed  to  be  necessary  to 
animals  and  plants,  and  these,  with  five  others  concerned  in  dairy 
processes,  are  sufficient  to  the  purposes  of  this  work.  In  the  follow- 
ing table  the  symbol  of  each  element,  by  which  it  is  described  in 
chemical  science,  is  given,  and  the  weight  of  each  as  compared 
with  the  first  and  lightest  of  them  all  : — 


Non-Metals. 


Gases. 

c i i Atomic 
Symbol.  Weight 

I lydrogen 

- 

II  1.00 

Oxygen  - 

- 

- O 15.96 

Nitrogen 

- 

N 14.01 

Chlorine 

- 

• Cl  35.37 

Fluorine 

- 

F 19.10 

Non-Metals. 


Solids. 

Symbol. 

Atomic 

Weight. 

Carbon  - 

C 

11-97 

Sulphur  - 

S 

31. 9S 

Phosphorus 

1> 

30.96 

Boron 

B 

II. OO 

Silicon  - 

Si 

28.00 

A 
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Metals. 

Symbol. 

Atomic 

Weight. 

Potassium  - 

- 

- 

- 

K* 

39-04 

Sodium 

- 

- 

- 

Na* 

22.99 

Calcium 

- 

- 

- 

Ca 

39-9° 

Magnesium 

- 

- 

- 

Mg 

23-94 

Iron 

-• 

- 

- 

Fe* 

55-90 

Aluminium 

- 

- 

- 

A1 

27.30 

The  symbol  is  usually  the  initial  letter  of  the  name,  with  some- 
times a second  ; but  in  three  cases  above  (*)  it  is  taken  from  the 
Latin  form  of  the  name. 

The  following  brief  notes  on  these  elements  will  serve  to  give  a 
general  idea  of  their  characters  : — 

Hydrogen  forms  a large  proportion  of  the  gas  used  for  lighting. 
Pure  H burns  with  a pale  yellow  flame,  but  will  put  out  that  with 
which  it  is  lighted. 

Oxygen  is  essential  to  all  animal  and  vegetable  life.  It  does  not 
take  fire,  but  will  cause  a burning  substance  to  consume  away  very 
quickly  with  a bright  flame. 

Nitrogen  will  kill  by  suffocation  animals  confined  in  it.  It  will 
neither  burn,  nor  suffer  other  things  to  burn  in  it. 

These  three  gases  are  colourless,  and  can  only  be  recognised  by 
some  test  of  their  action  on  other  substances. 

Chlorine  is  a greenish-yellow  gas,  which  irritates  the  lungs  greatly 
if  breathed  into  them  ; while  Fluorine  is  powerfully  corrosive. 

Carbo?i  is  best  known  as  in  coal,  coke,  charcoal,  and  soot ; but  it 
exists  in  many  other  forms,  and  is  found  in  all  living  bodies  and  their 
remains. 

Sulphur  and  Phosphorus  are  most  familiarly  known  in  lucifer 
matches  and  medicinal  drugs. 

Boron  and  Silicon  are  grey  substances,  both  found,  in  combination 
with  other  elements,  in  various  forms. 

Potassium , Sodium,  and  Magnesium  are  of  silver-white  colour,  and 
have  certain  other  qualities  in  common  ; while  Calcium , though  sharing 
the  latter  with  these,  differs  in  its  colour,  which  is  slightly  yellow. 

Aluminium  is  a light  and  lustrous  metal  ; while  Iron  needs  no 
description. 

Air,  when  pure  and  dry,  consists  of  about  one-fifth  (by  bulk)  of  O 
and  four-fifths  of  N simply  mixed  together,  so  that  each  is  free  to 
join  with  or  act  upon  whatever  may  come  within  its  range.  The 
atmosphere,  however,  is  neVer  an  absolutely  pure  mixture  of  O and 
N,  for  it  contains  more  or  less  of  moisture  and  certain  gaseous 
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compounds,  which  serve  sundry  important  purposes  of  animal  and 
vegetable  life,  as  will  be  hereafter  seen. 

Water  is  also  composed  of  two  gases  ; but  in  this  case  it  is  H 
with  O,  and  they  are  not  merely  mixed,  as  in  the  case  of  air,  but  are 
combined. 

Statement  of  Composition. — The  chemist  is  able  to  separate  water 
into  its  elements,  and  finds  that  there  is  twice  as  much  of  H in  it  as  of 
O (by  bulk  or  volume).  The  proportions  of  the 

elements  in  compounds  vary  greatly,  and  he  has  h n.55 

two  systems  by  which  he  is  able  to  show  those  0 88.45 

proportions  in  any  case.  One  of  these  expresses 

the  proportion  by  percentages , or  their  relations 

to  100  parts.  The  composition  of  water  so  stated 

will  be  about  as  in  the  accompanying  calculation,  or  there  are  about 

1 1|  lbs.  of  H and  885  lbs.  of  O in  every  100  lbs.  of  water. 

Atoms  and  Molecules. — The  other  system  is  based  upon  the  atomic 
theory.  The  atom  is  taken  to  be  the  smallest  conceivable  quantity  (by 
m'easure  or  volume)  of  any  element.  It  cannot  be  seen  or  measured, 
but  it  is  none  the  less  a practical  reality;  just  as  the  lines  of  latitude 
and  longitude  mark  distances  on  the  map  of  the  world,  and  are  of  the 
utmost  value  to  the  navigator,  though  he  cannot  see  them  as  he  sails 
the  ocean.  The  atom  of  each  element  is  of  the  same  size  as  that  of 
any  other  of  its  class  ; and  since  there  is  twice  as  much  of  H in  water 
as  of  O (by  volume),  the  chemist  writes  the  atomic  statement  of  its 
composition  as  LLO,  which  he  calls  the  formula  of  that  composition. 
Whenever  a symbol  is  given  without  a number,  it  is  understood  to 
represent  one  atom  of  the  element. 

These  two  methods  are  used  according  to  convenience, — the  latter 
more  especially  in  the  statements  of  chemical  changes. 

Here,  then,  we  have  two  atoms  of  H and  one  of  O combined  to 
form  water;  and  since  we  cannot  conceive  of  less  than  an  atom  of  O, 
the  quantity  of  water  so  described  must  needs  be  the  smallest  possible. 
This  cannot  be  called  an  atom,  because  water  is  a compound  : it  is 
called  instead  a molecule j and  in  order  to  express  molecules  by 
number,  a figure  is  placed  before  the  atomic  formula,  as  in  the  follow- 
ing, viz.,  3H20,  which  means  three  molecules  of  water. 

Atomic  Weight.— A comparison  of  the  proportions  of  H and  O 
in  water  by  weight  and  by  measure,  will  show  that  though  the  former 
gives  about  eight  times  as  much  of  O as  of  H,  the  latter  shows  twice 
as  much  of  H as  of  O.  This  is  because  the  atom  of  O weighs  nearly 
sixteen  times  as  much  as  the  atom  of  H ; and  in  the  third  column  of 
the  table  of  elements  the  great  variations  in  the  relative  weights  of 
these  can  be  seen,  and  not  only  compared  with  that  of  LI,  the  standard, 
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but  also  with  each  other.  By  this  means  the  differences  between 
statements  by  weight  and  by  volume  can  be  reconciled,  and  each 
calculated  from  the  other. 

The  molecules  of  all  compounds  occupy  spaces  according  to  the 
number  of  their  atoms  ; and  their  weights,  as  molecules,  depend  on 
those  of  the  various  elements  composing  them,  and  their  relative 
proportions  to  each  other  in  combination.  The  term  molecule  is 
sometimes  used  in  connection  with  a single  element,  when  two  or  more 
atoms  of  it  join  each  other  in  a free  state. 

Descriptive  Names  of  Compounds. — The  composition  of  com- 
pounds is  not  only  described  by  formulae,  but  also  by  names.  When 
a non-metal  combines  with  a metal,  the  name  of  the  non-metal 
takes  the  termination  “ide.”  Thus  Fe  and  O combine,  and  the 
compound  is  called  an  oxide  of  iron.  In  the  same  way  Cl  forms 
chlorides  of  metals,  &c.  But  the  quantity  of  the  non-metal  may 
vary,  and  the  names  are  made  to  show  this,  the  name  of  the 
metal  being  used  for  the  purpose.  The  ((compound  which  has 
more  of  the  non-metal  makes  this  second  name  (the  metal)  to  end  in 
“ ic,”  and  that  which  has  less  to  end  in  “ ous.”  Thus  we  have  Fe  and 
O combining  in  two  proportions.  In  the  one,  Fe203,  there  are  three 
atoms  of  O (non-metal)  to  two  of  Fe  (metal) ; and  in  the  other,  the  two 
elements  are  equal.  So,  as  the  former  has  more  O than  the  latter  in 
proportion  to  Fe,  it  is  called  ferric  oxide  ; and  the  latter  is  ferrous 
oxide.  When  non-metals  combine  with  each  other,  the  termination 
“ ide”  is  still  used,  but  the  name  of  the  element  considered  to  be  the 
most  important  comes  first. 

Sometimes,  however,  the  proportion  of  the  O in  an  oxide,  or  of  S 
in  a sulphide,  is  expressed  by  a syllable  placed  before  the  part  of  the 
name  which  refers  to  it, — as  when  there  is  one  atom  of  O,  the  com- 
pound is  a mon- oxide  (example,  CaO,  which  is  calcic  mon-oxide); 
or  as  when  there  are  two  atoms  of  O,  and  it  is  called  a di-oxide  (CO., 
being  named  carbon  di-oxide).  So  we  have  also  /rz-oxides,  AvToxides, 
and  yV/z/oxides,  showing  the  presence  of  three,  four,  and  five  atoms  of 
O respectively.  The  same  “ prefixes,”  as  they  are  called,  are  placed 
for  a like  reason  before  other  names  ending  in  “ ide,”  as  sulphides. 
See.  The  reader,  if  not  already  familiar  with  these  rules,  is  advised 
to  master  them  before  proceeding  further. 

Acids. — Certain  compounds  of  non-metals  with  O are  converted 
by  the  addition  of  H20  into  acids.  Thus  C and  O combine  as  CO., 
(carbonic  di  - oxide).  This  is  sometimes,  though  wrongly,  called 
carbonic  acid  ; its  proper  name  is  carbonic  ait-hydride , — the  prefix  “an” 
showing  that  it  is  without  FI  in  this  case.  When,  however,  a molecule 
of  HnO  is  added,  it  becomes  carbonic  acid,  HXO;,. 
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As  this  is  the  first  example  of  the  combination  of  two  com- 
pounds,  the  manner  in  which  the  symbols  are 
added  to  each  other  to  »express  the  composition  of 
the, new  substance  is  shown  in  the  accompanying 
< alculation. 

CO.  is  a colourless  and  heavy  gas,  which,  like 
N,  will  extinguish  a light  and  kill  animals  by  suffoca- 
tion when  immersed  in  it.  It  is  given  off  from  the  burning  of  oil, 
wood,  and  coal,  and  from  decaying  animal  and  vegetable  matter, 
and  is  breathed  out  from  the  lungs  of  animals.  It  therefore  mingles 
with  the  air,  and  there  serves  very  important  purposes  in  connection 
with  plant  growth. 

Sulphur  also  unites  with  O as  SO.,,  Sulphuric  anhydride,  and  be- 
comes an  acid  with  H.O  as  H.SOj  (Sulphuric  acid).  This  last  is 
commonly  known  as  oil  of  vitriol,  a sour  liquid,  which  either  chars 
or  corrodes  objects  in  contact,  and  can  dissolve  many  substances 
in  nature,  both  organic  and  mineral. 

Phosphorus  with  O,  as  P.03,  unites  with  3 molecules  of  water 
(3H.O  = H(iOa)  to  form  Phosphoric  acid.  It  will 
be  seen  in  the  accompanying  calculation  that  the 
3 molecules  of  water  and  1 of  the  anhydride 
form  2 molecules  of  the  acid  ; the  result  being 
capable  of  division  by  2,  and  leaving  whole 
numbers  of  each  element.  This,  like  sulphuric 
acid,  is  corrosive,  and  also  of  great  value  to 
vegetation. 

Nitrogen  with  O,  as  N.O.,  (Nitric  pentoxide,  or  anhydride),  com- 
bines with  1 molecule  of  water  to  form  2 molecules  of  Nitric 
acid,  HNO.,.  Thus  N20S+H,0  = H.N.06=2HN03.  It  is  known 
in  commerce  as  Aqua-fortis. 

Chlorine  with  H,  as  HC1,  forms  Hydrochloric  acid,  also  known 
as  Muriatic  acid,  or  Spirits  of  salt. 

Acids  have,  in  common,  a sour  taste,  and  the  power  to  change 
vegetable  dyes  of  a blue  colour  to  redness.  The  best  known 
test  for  acidity  is  a porous  blue  paper  coloured  with  a substance 
called  litmus , obtained  from  certain  lichens.  This  upon  being 

put  into  an  acid  becomes  more  or  less  red,  according  to  the  acid 
present. 

In  naming  acids,  the  relative  proportion  of  O is  recognised  as 
before,  and  we  have  therefore  Phosphor/V  acid  with  a higher,  and 
phosphors  acid  with  a lower,  proportion  of  O;  while  a still  higher 
proportion  than  in  the  former  is  shown  by  placing  the  syllable  per 
before  it  (as  ^-chloric  acid,  HC104) ; and  a lower  proportion  than 


P-A 

H,j  03 


H0PaO8 


= 2H3P04 


CO. 
II.,  O 

I-rXOa 
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with  the  latter  by  the  use  of  the  prefix  hypo  (as  /y^<?-sulphurous 
acicl,  H2S02). 

Bases  and  Salts. — Bases  are  compounds  which  combine  with 
acids  to  produce  a third  class  of  substances  called  Sal/s.  They  are 
of  four  kinds,  as  described  in  order. 

(a.)  Oxides  of  metals. — In  the  accompanying  calculation  the  base, 

Calcic  oxide,  joins  with  Carbonic  acid,  and, 
after  the  molecule  of  water  necessary  to 
the  acid  has  been  subtracted  from  the 
result,  the  salt,  Calcic  carbonate,  or  Car- 
bonate of  lime,  will  remain.  The  similar 
combinations  of  H2C03  with  other  bases 
of  this  class  are  given  below,  the  metals 
being  given  in  italics. 


Base C a O 

Acid IT  COs 

H2C«C04 
Water 1 12  O 

Salt CrtCO., 


Na»0  (Di-sodic  oxide)  + H2C03=  H20 -bAC.COa  (Di-sodic  carbonate). 
K.20  (Di-potassic  ,,  )+  ,,  = ,,  + W2C03  (Di-potassic  ,,  ). 

MgO  (Magnesic  ,,  )+  ,,  = ,,  +A/yC03  (Magnesic  ,,  ). 


The  salts  are  known  as  carbonates  of  soda,  potash,  and  magnesia. 

The  same  bases  acted  upon  by  Sulphuric  acid,  H2S04,  form 
Sulphates,  as  Na20  + H2S04  = H._,0  + Na2S04  (Di-sodic  sulphate); 
while  ICO,  CaO,  and  MgO,  give  ICS04  (Di-potassic),  CaS04  (Calcic), 
and  MgS04  (Magnesic),  respectively. 

Similar  results  follow  the  action  of  Nitric  acid,  giving  Nitrates, 
two  molecules,  2HN03  ( = HoN2Ob),  joining  with  one  of  the  base,  as 
in  Na20  + H2N20B  = H20  + Na2N20B,  or  2NaN03  (Sodic  nitrate). 

Phosphates  are  formed  in  the  same  way  by  the  acids  of  P,  the 
oxide  P203,  making  Phosphor^.?  acid,  and  P20.5l  making  PhosphorzV 
acid,  and  of  the  latter  there  are  several  kinds  in  which  the  propor- 
tions of  HoO  vary. 

P.,05  + tI20  =ITP20g=2HP03. 

P.,Os  + 2H.,0,  (or  H40.,)  = H4P.,07. 

P.,Os  + 3ITO,  (or  PI(j03)  = H6P208=  2HjP04. 


These  are  also  called  Phosphates,  with  H as  a base. 

Now  just  as  H is  found  in  the  examples  above,  so  Na  and  Ca 
may  be  found  in  those  now  given. 


Hydric  Sodic  Calcic 

phosphates.  phosphates.  phosphates. 

HP03  NrtPOj  Ca2P03 

PI4P207  Na4P,07  Ca2P207 

II3P04  N«3P04  Ctf32P04*. 


Calcic  phosphates  are  better  known  as  phosphates  of  lime.  There 
are  others  of  iron  and  magnesia  built  up  on  the  same  principles. 
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We  now  come  to  the  second  class  {/>),  in  which  KOH  (Potassic 
hydrate  or  potash),  and  NaOH  (Sodic  hydrate  or  soda),  are  capable 
of  being  converted  into  salts  by  acids.  In  the  following  example  the 
potash  is  acted  upon  by  nitric  acid. 

Base.  Acid.  Water.  Salt. 

KOII  + HN0.,  = H20  + KNO,  (Potassic  nitrate). 

Ammonia  (NH3)  belongs  to  this  class,  for  though  differing  greatly 
in  composition  from  KOH  and  NaOH,  it  acts  like  them  in  all 
practical  respects  in  combining  with  acids,  and  produces  ammonium 
salts. 

Those  bases  which  can  be  dissolved  are  called  Alkalies j they 
are  opposite  in  character  to  acids  ; and  litmus  paper,  which  has 
been  reddened  by  an  acid,  can  be  restored  to  its  blue  colour  by  an 
alkali.  A compound  which  changes  the  blue  to  red  is  said  to  have 
an  acid  re-action,  while  one  which  will  bring  it  back  to  the  blue, 
has  an  alkaline  re-action.  When  the  acid  and  the  alkaline  base 
balance  with  each  other,  the  result  is  a neutral  salt,  which  will  not 
affect  litmus  paper  either  way.  When  an  acid  material  has  been 
brought  to  balance  by  an  alkali,  or  an  alkaline  one  by  an  acid,  it 
is  said  to  have  been  neutralised. 

Finally,  there  are  Alkaloids,  which  include  quinine,  strychnine, 
&c.,  formed  in  growing  plants,  with  others  produced  in  organic 
matter  under  chemical  decomposition  ; and  sundry  other  substances, 
which  will  be  described  as  they  appear  in  the  course  of  the  main 
subject.  The  foregoing  will  suffice  to  give  a general  notion  of  the 
relations  of  acids  and  alkalies  and  their  products. 

Cl  Compounds.— Chlorine  combines  with  Na  to  form  the  familiar 
common  salt,  NaCl,  so  much  used  in  the  dairy,  and  which  has  other 
connections  with  milk  besides.  It  is  commonly  obtained  from  mines, 
as  rock  salt ; or  from  springs,  as  brine,  afterwards  reduced  to  dryness. 
This  substance  is  usually  associated  with  impurities,  such  as  Calcic 
sulphate,  CaS04  (also  called  gypsum),  which  produces  a hard  cake 
known  as  il  pan-scale,”  and  often  found  as  veins  in  the  blocks  of 
salt  bought  at  the  stores.  This  and  Magnesic  chloride,  MgCL,  cause 
bitterness  ; while  Calcic  chloride,  CaCl2,  produces  wetness  by  absorb- 
ing an  undesirable  quantity  of  moisture  from  damp  air.  Therefore 
the  less  of  these  the  better,  and  a good  salt  will  not  contain  of 
them  altogether  more  than  one  per  cent,  by  weight.  Another  Cl 
compound  is  that  with  K,  called  Potassic  chloride,  KC1,  the  character 
of  which  may  be  judged  by  the  fact  that  K holds  the  same  place 
and  power  as  Na  in  the  previous  case. 

Silicon  combines  with  O to  form  an  oxide,  Silica,  Si  CL,  common 
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in  sand  and  rocks,  and  found  in  the  ashes  of  grasses  and  grain  crops. 
Aluminium  forms  an  oxide,  Alumina,  ALO.„  which  with  Si  CL  so 
largely  makes  up  clay  soils.  Further  references  to  these  will  occur. 

We  now  turn  to  the  consideration  of  certain  chemical  and  physical 
laws,  and  the  definitions  concerned  therein. 

Suspension  and  Solution.  These  terms  are  often  used  in  describing 
the  relations  of  solids  and  liquids.  A solution  consists  of  a solid 
dissolved  in  a liquid,  as  salt  dissolves  in  water  ; whereas,  when  the 
solid,  though  distributed  in  the  liquid,  does  not  dissolve,  it  is  said 
to  be  in  suspension.  A solid  which  can  be  dissolved  is  said  to  be 
soluble j and  one  which  will  not,  is  described  as  insoluble.  A saturated 
solution  is  one  in  which  the  liquid  has  dissolved  all  that  it  can  of  the 
solid.  If  salt  is  added  to  water  until  it  will  dissolve  no  more,  the 
result  is  called  a saturated  brine.  Many  substances  will  dissolve 
much  more  readily  in  warm  than  in  cold  water.  To  this  salt, 
NaCl,  is  an  exception,  dissolving  equally  well  in  either.  A solution 
is  said  to  be  diluted  when  water,  or  some  weaker  solution,  is  added 
to  it.  Dilution  may  be  made  to  describe  the  addition  of  water 
to  milk,  though  this  latter  is  not  a simple  solution. 

A substance  in  solution  will  pass,  with  its  dissolving  liquid, 
through  a filter , — which  may  be  either  (a)  a porous  paper,  like 
blotting  paper  ; (b)  a quantity  of  loose  particles,  as  sand  or  charcoal  ; 
or  (c)  a compressed  material,  as  charcoal  or  porous  porcelain, 
according  to  the  purpose  in  view.  Solid  substances  are  held  back 
by  all  filters,  and  dirty  water  is  thus  made  clean  for  household 
use.  The  clear  liquid  which  passes  the  filter  is  known  as  the  filtrate , 
but  this — with  most  filters — may  carry  through  with  it  matter  which 
can  be  separated  from  it  by  other  filters  of  a closer  character.  Those 
forms  of  matter  which  in  their  natural  state  can  only  be  filtered  out 
of  liquids  by  filters  of  the  latter  class,  include  gelatinous  (jelly-like) 
and  gummy  substances,  and  are  called  colloids , to  distinguish 
them  from  crystalloids , which  are  soluble,  and  can  only  be  separated 
from  their  solutions  by  chemical  action,  heat,  or  the  drying  up  of 
the  water  from  them.  Salt  is  left  in  crystalline  form  when  the 
water  is  removed  from  natural  brine  by  the  two  latter  means. 
Colloids  in  liquids  are  said  to  be  in  diffusion  or  gelatinous  suspension. 
These  two  classes  of  matter  can  be  separated,  when  found  associated 
in  a liquid,  by  the  use  of  a filter  of  parchment  paper  ; and  this 
method  is  called  dialysis,  and  the  filter  a dialyser , names  derived 
from  a Greek  root  meaning  to  unloose. 

Analysis  is  the  discovery  or  separation  of  the  different  elements 
or  compounds  composing  a substance. 

Qualitative  analysis  consists  merely  in  proving  the  presence  of 
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these  by  (a)  physical  separation  or  ( b ) the  use  of  tests.  These  are 
generally  more  or  less  associated.  A test  may  be  made  by  some  chemi- 
cal action,  which  produces  a certain  result  in  contact  with  the  element 
or  compound  supposed  to  be  present;  if  that  result  is  obseived, 
the  analyst  concludes  that  it  is  present  in  some  quantity.  1 he 
microscope  is  of  use  in  some  cases,  revealing  what  would  be 
beyond  the  powers  of  the  unaided  eye. 

Quantitative  analysis  carries  the  matter  further, 
either  separating  the  different  parts  of  a substance 
and  weighing  them,  or  estimating  their  respective 
quantities  by  proved  rules.  The  different  elements 
or  compounds  found  in  any  substance  are  called 
its  constituents,  because  together  they  consti- 
tute it. 

Heat  and  Cold. — We  are  conscious  of  con- 
siderable natural  variations  between  the  greatest 
heat  of  summer  and  the  greatest  cold  of  winter, 
and  the  changes  of  temperature  not  only  affect 
us  but  the  condition  of  things  around  us.  Water, 
for  instance,  expands  with  an  increase  of  its  heat, 

— i.e.,  it  occupies  more  space  than  it  did  before, — 
while  with  the  increase  of  cold  it  contracts  or 
takes  up  less  space  ; and  this  heating  may  be 
carried  on  to  a point  at  which  the  water  will 
boil  and  pass  away  as  steam,  and  the  cooling 
until  it  becomes  ice.  Many  things  which  are 
solid  at  ordinary  temperatures  become  liquid  with 
greater  heat;  liquids,  likewise,  become  gaseous; 
while  liquids  and  gases  may,  at  lower  tempera- 
tures, become  solids  and  liquids  respectively. 

This  law  of  expansion  and  contraction  is  turned 
to  account  to  measure  the  variations  in  the 
temperature  of  bodies.  Mercury  readily  responds 
to  the  influence  of  heat  and  cold,  and  is  used  in 
the  construction  of  thermometers , or  heat-mea- 
surers. Confined  in  a glass  tube,  with  sufficient 
free  space  in  which  to  expand  upwards,  it  registers 
by  its  risings  and  fallings,  as  it  expands  or  con- 
tracts, the  changes  in  the  temperature  of  the  air 
and  other  bodies.  In  boiling  water  it  rises  to  a 
point  called  the  boiling  point  of  water,  and  it  will 
sink  to  a point  at  which  water  freezes,  and  which  is  therefore  called 
the  freezing  point , and  even  higher  and  lower  than  these.  Between 
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the  boiling  ancl  freezing  points  of  water,  Fahrenheit  formed  a scale 
of  180  divisions  or  degrees  (Fahr.,  Fig.  i),  making  the  former  2120 
(degrees),  and  the  latter  32°,  above  his  zero  or  lowest  point.  This 
scale  is  generally  used  in  this  country  ; but  another  is  coming  into 
use,  especially  among  scientific  men,  that  framed  by  Celsius,  a 
Swede,  and  commonly  called  the  Centigrade  scale  (Cen.,  Fig.  1), 
because  it  makes  the  freezing  point  its  zero  and  the  boiling  point 
100 °,  so  dividing  the  scale  into  one  hundred  degrees.  So  as  the 
mercury  rises  under  heat  and  falls  with  cold,  the  extent  of  its  rising 
or  falling  is  known  by  the  degrees  on  the  scale  ; and  we  regulate 
our  dairy  processes  to  a great  extent  by  its  teachings.  In  using  it, 
care  is  needed  to  take  the  readings  accurately.  It  should  be  held  in 
the  liquid  until  the  column  of  mercury  rises  no  longer,  and — if  prac- 
ticable— -the  figure  noted  there.  If  the  scale  cannot  be  seen  without 
removal  it  should  be  brought  to  the  eye  as  quickly 
as  possible,  otherwise  the  mercury  will  rise  or  sink 
under  the  influence  of  the  air-temperature,  and  the 
user  will  be  deceived.  He  should  therefore  be 
familiar  with  the  instrument,  and  thus  reduce  his 
liability  to  error  to  the  lowest  possible  point. 

Heat  is  absorbed  and  carried  by  some  bodies 
better  than  by  others,  and  such  are  therefore  called 
good  conductors , as  compared  with  bad  ones,  or — as 
they  are  called  when  this  quality  is  very  pronounced 
• — non-conductors.  The  throwing  off  of  heat  by  any- 
thing which  has  absorbed  it,  as  for  instance  a stove, 
is  called  radiation  ( radius , a ray),  because  the  heat  is 
given  out,  as  the  sun  gives  out  his  rays.  The  heat  of 
the  fire  is  conducted  by  the  iron  of  the  kettle  to  the 
water  inside  it,  and  this  soon  becomes  vapour  and 
vanishes,  it  is  therefore  said  to  evaporate.  There  is 
in  the  soil  much  moisture,  which  similarly  passes  into 
the  air,  and,  though  unseen,  loads  it  in  proportions 
which  vary  from  hour  to  hour  with  all  changes  of 
wind  and  weather.  The  dampness  of  the  air  is  called  its  humidity , 
and  this  can  be  measured  as  well  as  its  temperature.  Air  itself,  by 
contact  with  wet  surfaces,  takes  up  moisture  ; and  when  evaporation 
is  going  on,  the  substance,  losing  its  moisture,  becomes  colder.  An 
instrument  has  been  devised  to  show  the  humidity  of  the  air.  This 
instrument  (Fig.  2)  is  called  a hygrometer  ( hygros , moist).  Two 
thermometers  are  fixed  side  by  side,  the  one  ( a ) being  of  the  ordinary 
kind,  the  other  (h)  having  its  bulb  wrapped  around  with  a piece  of 
thin  cotton  material,  and  thus  kept  moist  by  a few  strands  of  soft 
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cotton  which  suck  up  water  from  a cup  (c)  below.  1 he  evaporation 
goes  on  at  a rate  dependent  on  the  dryness  of  the  air ; and  according 
to  the  quickness  with  which  the  moisture  drys  off  from  the  bulb, 
so  is  the  cold  and  the  variation  of  the  mercury.  I here  is  therefore 
generally  some  difference  between  the  temperatures  shown  by  the 
two  thermometers,  and,  this  being  observed,  it  can  be  known  by 
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Example. — If  the  dry  bulb  shows  a temperature  of  62°  and  the 
wet  one  58°,  the  difference  is  40,  and  by  looking  in  the  second  column 
opposite  the  62°  (dry  bulb)  it  will  be  seen  that  there  are  77°  of 
moisture  present.  In  order  to  real  usefulness  such  an  instrument 
should  be  kept  in  a fairly  sheltered  spot,  and  out  of  the  sun’s  rays. 

The  quantity  of  moisture  which  the  air  can  carry  depends  on  its 
temperature — the  higher  this  is,  the  more  it  can  hold.  So  at  a high 
temperature  the  moisture  may  be  considerable  though  unnoticed  ; but 
if  the  air  gets  colder,  as  after  sunset,  its  ability  to  hold  moisture 
decreases,  and  whatever  it  can  no  longer  carry  will  be  deposited  as 
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clew  upon  objects  which  have  lost  their  heat  by  radiation.  This  pro- 
cess is  called  condensation , and  is  the  opposite  to  evaporation. 

The  air  affected  by  heat  becomes  rarefied , 
and,  like  liquids  and  solids,  becomes  lighter 
also.  Under  the  influence  of  cold  it  becomes 
heavier.  As  these  changes  occur  in  general 
harmony  with  certain  changes  in  the  weather, 
an  instrument  called  a barometer  ( baros , 
weight)  has  been  constructed  to  measure  the 
weight  of  the  air,  by  its  pressure  on  a body 
of  mercury  rising  into  a glass  tube,  the  column 
rising  or  falling  according  to  the  weight  of 
the  air.  The  barometer  designed  by  the  late 
Admiral  Fitzroy,  and  used  with  his  rules, 
is  a valuable  ally  in  dairying.  This  is  shown 
in  Fig.  3,  with  the  tube  (a)  fully  exposed. 
The  bulb  (b)  allows  the  pressure  of  the  air, 
(about  1 6 lbs.  to  the  square  inch  at  ordinary 
levels),  to  be  exerted  on  the  surface  of  the 
mercury,  under  average  conditions  balancing 
that  in  the  tube,  which  has  no  pressure  upon 
it,  the  space  abo\  e the  column  being  a vacuum, 
or  free  from  air.  The  top  of  the  column  con- 
sequently rises  or  falls  as  the  air-weight  in- 
creases or  decreases  with  weather  changes. 
The  scale  (c)  which  measures  these  variations 
is  three  inches  long,  each  inch  being  divided 
into  fifths  or  tenths,  and  two  movable  pointers 
(dd)  can  be  set  alternately  so  as  to  show  the 
extent  of  the  variations  between  any  three 
observations.  The  mere  indications  of  varying 
weight  of  the  atmosphere  are  of  little  service 
by  themselves.  In  order  to  forecast  weather 
with  some  degree  of  correctness,  the  rate  of 
rising  and  falling,  the  temperature,  and  other 
considerations,  should  be  taken  into  account; 
hence  the  presence  of  a thermometer  (e)  with 
every  good  instrument,  and  often  a chemical 
storm-glass  (/),  the  crystals  in  which  rise 
before  a fall  in  the  weather.  The  rules  are 
printed  on  the  Fitzroy  barometer,  or  can  be 
bought  for  any  others  for  a few  pence. 

Electricity  is  always  present,  more  or  less,  in  the  atmosphere. 


A 


Fig.  3. 

Fitzroy  Barometer. 


NATURAL  SCIENCE. 


13 


Into  the  nature  and  influence  of  this  force  it  is  impossible  to  go  fully 
in  this  work.  Suffice  it  to  say  that  the  electrical  condition  of  the 
air  exercises  considerable  influence  within  the  realm  of  the  dairyer, 
and  will  have  further  attention  as  occasions  arise.  This  fluid,  the 
performances  of  which  are  among  the  chief  wonders  of  modern 
science,  has  the  power — when  discharged  as  lightning — to  bring 
about  a striking  change  in  the  O of  the  air,  concentrating  and 
giving  to  it  more  active  chemical  properties.  In  this  form  the  O 
is  known  as  ozone , and  causes  oxidation  of  such  metals  as  silver  and 
mercury,  and  such  materials  as  indiarubber.  It  is  usually  present  in 
the  air  to  a small  extent,  but  with  this,  as  with  many  other  things, 
its  power  is  large  out  of  all  proportion  to  its  quantity.  It  has  the 
capacity  for  rendering  litmus  paper  pale,  and  proves  its  presence  by 
other  tests. 

In  connection  with  thunderstorms  there  is  a production  of  HNO:), 
from  a combination  of  the  elements  of  the  air  with  water  ; and  this 
being  carried  down  by  the  rain,  makes  the  latter  more  valuable  to 
crops  by  reason  of  its  greater  nutritive  properties  than  that  which  falls 
at  other  times. 

Attraction.  — Gravitation.  — The  attraction  of  bodies  towards 
each  other,  but  more  especially  their  tendency  to  move  towards  the 
earth’s  centre,  and  therefore  towards  the  lowest  point  they  can  reach, 
is  called  gravitation.  It  is  because  of  this  that  when  a liquid  is  set 
free  it  runs  down  any  incline  to  the  lowest  level,  and  this  law  is 
consequently  brought  into  continual  application  in  the  dairy. 

Cohesion. — The  attraction  by  which  bodies  hold  together  is  so 
called.  It  is  much  greater  in  some  than  in  others  ; and  in  the  same 
bodies  at  one  time  than  at  another. 

Capillary  attraction  is  the  tendency  of  liquids  to  rise  or  sink 
within  minute  tubes.  Examples  will  occur  later. 

Density,  or  Specific  Gravity,  is  the  weight  of  a substance  in 
relation  to  its  bulk. 

We  have  seen  that  an  atom  of  O is  about  sixteen  times  heavier  than 
one  of  H,  and  that  other  elements  vary  to  a greater  or  lesser  extent  in 
this  respect,  although  their  atoms  are  alike  in  size.  This  is  also  true 
of  the  substances  formed  out  of  elements.  Let  us  test  this  for  our- 
selves. Into  a vessel  of  water  we  will  drop  a piece  of  cork  and  a 
stone — the  former  will  float,  the  latter  will  sink.  If  we  take  a cubic 
inch  of  cork,  of  water,  and  of  stone,  and  weigh  them,  we  shall  find 
that  their  behaviour  is  according  to  their  weights  as  compared  with 
each  other.  So  we  say  that  the  density  of  the  cork  is  least,  that  of  the 
stone  greatest,  and  that  water  holds  a place  somewhere  between  them. 
As  with  heat,  so  with  density,  a standard  has  been  adopted  and  a 
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system  of  measurement.  The  standard  of  comparison  for  gases  is  H ; 
and  for  solids  and  liquids,  distilled  water.  Why  distilled  ? Because 
otherwise  it  would  be  liable  to  contain  substances  in  solution  which 
would  increase  its  weight.  Distilled  water  is  that  which  has  been 
converted  into  steam  and  condensed  again.  In  this  way  it  leaves 
behind  all  mineral  impurities,  as  it  leaves  the  “rock”  of  CaCO;!  or 
CaS04  on  the  inside  of  a kettle.  Next  there  is  a 
standard  temperature.  We  have  seen  that  bodies 
expand  and  contract  with  heat  and  cold  ; they  there- 
fore become  lighter  with  heat  and  heavier  with  cold 
in  proportion  to  their  size — i.e.,  their  density  decreases 
in  the  former,  and  increases  in  the  latter  case.  With- 
out a standard  of  temperature  there  would  be  confu- 
sion, and  590  Fahr.  (15°  Centigrade)  has  been  fixed 
for  liquids  because  of  its  general  convenience.  The 
old  method  was  to  weigh  a given  measure  of  the  liquid 
to  be  tested,  and  compare  its  weight  with  that  of 
the  same  measure  of  water,  calculating  its  density 
on  the  difference.  But  a simple  and  more  direct 
way  is  now  used,  an  instrument  called  a hydrometer 
(, hydor , water) — Fig.  4 — having  been  invented  for 
the  purpose.  This  consists  of  a hollow  body  of 
glass  or  metal  with  a closed  tube  or  bar  rising 
from  it,  and  a weight  attached  to  it  beneath.  In 
the  glass  instrument  this  last  is  a bulb  from  the 
main  body,  containing  mercury  or  shot.  In  use  it 
floats  upright,  and  sinks  more  or  less  according  to 
the  density  of  the  liquid.  In  water,  the  standard 
instrument  will  sink  to  the  unit  on  the  scale  ; but  if 
salt  is  added,  it  will  rise  steadily  until  the  water  is 
saturated,  showing  the  power  of  salt  in  solution  to 
increase  the  density.  A scale  is  employed,  on  which 
the  point  reached  by  the  instrument  in  distilled  water 
at  59°  F.  is  marked  1 ; and  all  denser  or  lighter  liquids 
are  estimated  accordingly.  While  a standard  instru- 
ment has  a long  range,  there  are  others  made  with 
narrower  limits  of  scale  for  special  purposes,  and 
described  hereafter. 

Centrifugal  Force.  — When  a body  is  made  to  revolve  around 
a centre,  its  tendency  is  to  fly  away  from  it,  and  this  it  will  do  unless 
it  is  held  to  the  centre  by  some  greater  force.  A boy  will  swing 
a small  bucket  of  water  round  his  head  by  a cord,  and  without 
spilling  ; because  the  water,  which  would  fly  away  from  him  but  for 
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the  bucket  and  the  cord,  presses  towards  the  bottom  of  the  bucket. 
This  is  therefore  called  centrifugal  force  ( centri-fugal , flying  from 
a centre).  The  water,  by  reason  of  its  pressing  outwards,  becomes 
denser  ; and  its  increase  of  density  depends  on  its  weight,  its  distance 
from  the  centre,  and  the  speed  at  which  it  revolves.  The  boy  finds 
it  more  difficult  to  hold  the  bucket  when  he  lets  the  cord  out  to 
greater  lengths,  or  swings  it  round  him  with  greater  speed.  Proceeding 
on  these  facts,  we  find  that  there  are  definite  relations  between 
the  force  and  the  conditions  described,  and  these  relations  are 
reduced  to  rules  by  which  we  can  calculate  the  amount  of  the 
force,  and  in  proportion  to  this  the  density  also.  This  rule  holds  good 
when  two  substances  of  unequal  density  are  together  under  the 
influence  of  the  force.  Cork  has  a less  specific  gravity  than  water, 
and  if  a body  of  that  material  was  subjected  to  the  same  revolving 
motion,  it  would  exert  less  centrifugal  force  than  an  equal  body  of 
water.  If  the  boy  puts  a cork  into  his  bucket  of  water,  it  will  have 
the  same  tendency  to  fly  away  from  him  ; not,  however,  to  anything 
like  the  same  extent  as  the  water,  but  only  in  proportion  to  its  much 
lower  weight  or  gravity.  Further  illustration  of  these  principles  will 
occur  in  practical  dairy  work. 

Rocks  and  Soils. — Soils  are  simply  the  rocks  forming  the  earth’s 
surface  reduced  to  powder  by  natural  forces,  such  as  water,  and  cold 
and  heat,  which  are  always  at  work,  though  unnoticed,  wearing  down 
or  splitting  up  the  materials  referred  to.  In  the  simplest  relations 
there  will  be  a gradual  difference  observed  as  the  rock  merges  into 
what  is  called  the  sub-soil,  and  from  this  again  into  the  surface  soil. 
But  there  are  many  places  where  tillage  has  interfered  with  these 
relations;  and  others  where  soils,  formed  elsewhere,  have  been  brought 
by  air  or  water  and  laid  upon  or  mixed  with  those  natural  to  the  spot. 
In  any  case,  however,  the  rock  materials  form  on  an  average  95  per 
cent,  of  the  whole. 

The  main  ingredients  of  soils  are  clay,  sand,  and  lime,  in  varying 
proportions,— forming  sandy  or  clay  soils  when  these  predominate, 
sandy  or  clay  loams  as  they  approach  a balance,  and  loams  in  still 
closer  proportions  ; and  w hen  carbonate  of  lime — CaC03— is  found  up 
to  a fifth  of  their  total,  forming  marly  or  chalky,  or,  in  higher  propor- 
tions, calcareous  soils.  There  are  present  also,  though  in  small 
quantities,  other  substances  more  or  less  helpful  or  hurtful  to  vege- 
tation. The  materials  in  general  may  be  classified  for  our  immediate 
purpose  into  soluble  and  insoluble  substances,  and  since  the  latter  form 
only  a bed  in  which  plants  can  grow,  we  may  devote  our  attention  to 
the  former,  upon  which  they  feed.  Among  these  may  be  found  the 
following,  viz. : — 
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Oxides— Na20,  ICO,  CaO,  MgO,  FeO,  Fe20;),  &c. 

Alkaline  hydrates — KOIT,  NaOFI. 

Ammonia — N Ha. 

Acids  — HXO;!,  HNOj,  H2S04,  H:iP04,  forming,  with  the  alkaline 
bases,  carbonates,  nitrates,  sulphates,  and  phosphates. 

Silicates— Soluble,  formed  by  combination  of  Si02  with  alkalies. 

Chlorides— CaClo,  KC1,  MgCl., 

These  are  either  combined  with  each  other  or  uncombined,  accord- 
ing to  circumstances  ; and  being  very  variable  in  their  proportions,  there 
are  always  present  uncombined  remainders  of  some  of  them.  They 
are  not  all  present  at  all  times.  Thus  a limestone  will  contain  some 
of  them,  a sandstone  others,  with  some  common  to  both,  and  even  the 
composition  of  rocks  of  the  same  class  will  differ.  The  mineral 
constituents  of  soils  depend,  therefore,  upon  their  original  sources,  and 
the  physical  and  chemical  changes  wrought  in  them  by  the  forces  of 
nature. 

Organic  Substances. — These  are  found  in  soils  as  the  products 
of  the  decay  of  organised  animal  and  vegetable  bodies,  especially 
of  the  latter.  Everybody  knows  how  wood  rots  away  into  the 
mould  so  valued  by  the  gardener.  The  same  process  is  continually 
going  on  with  the  dead  leaves  and  roots  of  plants,  and  the  general 
product  is  called  humus.  This  contains  several  acids  of  the  Carbon- 
acid  type,  consisting  of  C,  H,  and  O in  varying  proportions,  and 
which — because  of  their  origin — are  called  organic  acids.  Of  these, 
humic  acid,  C20H12Ofi,  is  an  example.  Besides  the  services  rendered 
by  these  acids,  humus  takes  up  the  valuable  ammonia,  NH3,  formed 
in  or  furnished  to  the  soil,  and  holds  it  well  for  use  by  plants. 
Nor  must  we  forget  the  soluble  earthy  matter  brought  to  the  soil 
in  the  farmer’s  manures,  for  these  become  a part  of  the  soil  for  all 
practical  purposes.  Here  are  many  forms  of  matter,  organic  and 
inorganic,  undergoing  decomposition  in  the  chemical  sense,  and 
being  thereby  prepared  for  new  uses. 

Plant  Life.  — Now  comes  the  seed,  which  finds  shelter  and 
anchorage  under  the  suiface,  moisture,  and  the  warmth  absorbed 
from  the  sun’s  rays  ; and  with  these  conditions  its  life-germ  becomes 
active,  throws  out  roots,  stem,  and  leaves,  and  becomes  a plant. 
At  first,  feeding  upon  the  stores  of  food  within  itself;  it  is  ready, 
when  they  are  exhausted,  to  take  them  up  from  the  soil.  Then  the 
stores  of  soluble  organic  and  inorganic  materials  already  described 
are  drawn  upon  for  whatever  the  plant  needs.  Different  plants  re- 
quire different  foods,  or  different  proportions  of  the  same  food,  in 
order  to  their  best  growth  and  increase  ; and  they  will  be  vigorous 
or  weak,  luxuriant  or  puny,  according  to  the  sufficiency  or  deficiency 
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of  the  supply.  The  roots  suck  up,  in  a dissolved  state,  the  soluble 
foods,  and  these  are  subjected  to  a marvellous  system  of  selection 
and  transformation  done  by  certain  parts  of  the  plant  called  formative 
cells.  These  minute  bodies  consist  of  proto-plasm  (meaning  first 
form),  a jelly-like  substance  ; but,  though  of  so  simple  a character, 
they  have  powers  which  cannot  fail  to  excite  wonder  and  admiration. 
As  the  foods  and  the  water  which  dissolves  them  come  into  contact 
with  these  cells  in  the  movements  of  the  sap,  they  are  absorbed  by 
them,  and  part  or  all  are  used  as  may  be  necessary.  Even  water 
is  decomposed  into  the  two  gases  H and  O,  when  either  or  both 
of  these  are  needed,  for  single  or  separate  purposes,  to  combine 
with  other  elements  in  the  life  processes.  Carbon  is  taken  from 
HjCO„  S from  H2S04,  and  N from  NH3  or  HN03.  Now  we  see 
the  value  of  the  rotting  roots  and  leaves,  and  straw  of  manures, 
and  the  use  of  applying  manures  which  furnish  other  plant  foods. 
The  plant  is  very  unlike  the  soil,  but  out  of  this  it  builds  itself 
up,  unconsciously,  subject  to  the  laws  of  the  All-wise  Creator. 
Almost  all  of  the  plant  is  constructed  out  of  the  five  elements, 
H,  O,  C,  N,  and  S,  and  their  new  combinations  may  be  divided 
into  two  classes — (a)  carbon  and  ( b ) nitrogen  compounds. 

Carbon  Compounds. — First  among  these  are — 

Carbo-hydrates , in  which  C in  6 or  12  atoms  is  combined 
with  H and  O,  these  latter  being  always  in  the  same  proportion 
as  in  water.  But  it  must  not  be  supposed  that  the  H and  O are 
in  the  form  of  water,  for  they  are  properly  combined  with  the  C ; 
there  are,  however,  cases  in  which  extra  quantities  of  them  are 
present  in  a weaker  association.  They  may  be  sub-divided  as 
follows,  viz  : — 

Starches,  of  which  the  typical  composition  is  C(iHl0O5,  and  of 
which  the  starch  of  the  laundry  is  a familiar  example,  being  obtained, 
from  rice.  Cereals  and  grasses  contain  starch  in  considerable  propor- 
tions, and  other  plants  have  more  or  less  of  it.  Cellulose,  or  the  woody 
tissue  of  plants,  and  gums,  has  practically  the  same  composition. 

Sugars,  as  found  in  fruits,  the  sugar  cane,  and  beet-root,  are 
of  the  same  family.  Fruit  sugar  has  a composition  of  C6Hj„0(i, 
and  cane  sugar  of  C^H^On,  the  difference  between  them  being  one 
proportion  of  H3  and  O more  in  two  molecules  of  the  former 
(=C13H34013).  But  there  is  another— a physical— difference,  for  starch 
is  insoluble,  while  sugar  is  soluble,  as  every  tea-drinking  washer- 
woman knows  ; for,  while  sugar  dissolves  in  her  tea,  the  starch 
with  which  she  stiffens  linen  only  becomes  a jelly.  Starch,  however 
can  be  converted  into  soluble  sugar  by  the  plant  cells  and  certain 
processes  referred  to  later. 

It 
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Pectose  Substances.  — Akin  to  the  starches  and  gums  is  a 
compound  called  pectose , which  becomes  jelly  on  boiling,  e.g.,  the 
jelly  of  fruit.  Like  starch,  it  is  insoluble,  and  undergoes  several 
changes,  varying  its  proportions  of  H and  O,  which,  however,  are 
not  as  in  water.  Pectose,  acted  on  by  acids,  becomes  soluble  pectin 
(C32H48032)  ; and  this  in  turn,  and  with  different  treatment,  changes 
into  three  forms  of  acid,  one  of  which  separates  into  pectin  sugar 
(CeH120|j)  and  an  organic  acid,  and  so  works  back  to  the  carbo- 
hydrate principle. 

Fats  may  be  divided  into  two  kinds — the  fixed , which  are  stable 
under  ordinary  conditions  ; and  the  volatile , which  can  be  decom- 
posed by  heat  or  dissolved  out  by  water.  Again,  fixed  fats  can  be 
sub-divided  into  those  which  are  (a)  solid  and  those  which  are  ( b ) 
liquid  at  ordinary  temperatures.  The  liquid  fat  can,  of  course, 
be  solidified  at  low  temperatures,  and  the  solid  fat  can  be  liquified 
at  higher  temperatures.  But  whatever  may  be  their  physical  differ- 
ences, they  are  built  up  of  C,  H,  and  O,  and  on  one  plan. 

The  common  foundation  is  glycerin  (C3H803),  which  in  each 
case  combines  with  a fatty  acid  to  produce  a particular  fat.  Glycerin, 
as  sold  by  the  druggist,  is  well  known  as  an  almost  colourless 
viscous  liquid  substance  of  sweet  taste,  and  useful  in  healing  skin 
cracks.  The  fatty  acids  differ  somewhat  from  our  previous  con- 
ceptions of  an  acid,  because  they  are  of  an  oily  character  and  not 
sour  ; but  in  composition,  and  in  behaviour  in  combination,  they 
follow  the  rules  relating  to  the  acid  class.  The  way  in  which  they 
combine  with  glycerin  to  form  fats  is  illustrated  below,  where  it  is 
shown  that  three  molecules  of  an  acid  unite  with  one  of  glycerin  to 
form  one  molecule  of  fat  and  three  molecules  of  water. 

Palmitin  is  a solid  fat,  which  melts 
at  1 1 50  F.  The  relation  which  the 
acid  bears  to  the  glycerin  in  its  for- 
mation makes  it  to  be  called  a tri- 
glyceride of  the  acid,  or  yet  again 
tripalmitin.  Palm  oil  chiefly  consists 
of  it.  It  may  be  remarked  here 
that  fats  when  melted  and  afterwards 
cooled  remain  liquid  at  much  lower 
temperatures  than  those  at  which 
they  melt. 

Stearin  (C57Hll0OG)  is  similarly  a tri-glyceride  of  stearic  acid 
(Ci8H3(i02),  and  is  best  known  in  the  white  fat  of  mutton.  Its  melting 

point  is  1 570  Fahr.  . . ... 

Olein  (C07Hi04O(i),  from  Oleic  acid  (C18H3402),  is  a liquid  fat  which, 
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in  a pure  state,  only  becomes  solid  by  freezing  below  the  freezing-point 
of  water. 

These  fats  are  found  associated  in  plants  and  animals,  and  as  olein 
has  the  power  to  keep  the  solid  fats  in  a soft  state,  the  melting  point  of 
the  mixed  fats  is  lower  than  that  of  either  of  the  solid  fats,  and  this  in 
proportion  to  olein  present. 

The  volatile  fats  are,  like  the  rest,  tri-glycerides  of  acids,  but 
these  latter  make  the  difference  in  their  character  as  compared  with 
those  called  fixed  fats.  A few  of  them  are  found  in  plants,  but  not 
all  • and  their  consideration  is  therefore  deferred  until  they  can  be 
described  in  connection  with  milk. 

Nitrogen  Compounds  or  Albuminoids. — We  now  come  to  a class 
of  bodies  in  which,  besides  C,  H,  and  O,  the  elements  N and  S are  in 
combination.  Because  of  the  presence  and 
relative  importance  of  N in  them  they  are 
also  called  nitrogenous  substances,  and  some- 
times also  proteids.  The  name  given  at  the 
head  of  this  section  indicates  that  it  describes 
a family  of  which  albumin  is  type  and  chief. 

Though  many  important  facts  concerning 
them  are  established,  their  chemical  composition  is  not  in  all  cases 
fully  known.  The  formula  C7.JHn20.wN]8S  is  typical  of  the  group, 
and  the  range  of  proportions  by  weight  is  shown  in  the  accompanying 
table. 

Albuminoids  are  of  a gelatinous  nature  and  under  certain  con- 
ditions will  coagulate  or  become  semi -solid  — eg.,  vegetable-al- 
bumin coagulates  at  150°  Fahr.,  and  in  even  a more  solid  state 
is  found  in  the  husks  and  harder  parts  of  trees  and  plants. 
Another  kind,  vegetable  casern  (ca-se-in),  can  be  separated  from  an 
infusion  of  oatmeal  by  the  use  of  an  acid  ; and  a third  form  can 
be  obtained  by  simply  washing  out  the  starch  from  flour,  the  sticky 
residue  being  mostly  a proteid  called  gluten.  Other  varieties  are 
found,  as  legurnin,  in  beans,  peas,  and  vetches  ; avenin,  in  oats  ; 
fibrin,  in  wheat,  barley,  and  maize. 

Besides  these  organic  substances  contributing  so  largely  to  the 
make-up  of  plants,  there  are  minerals  which  have  been  taken  up 
from  the  soil.  Whatever  the  forms  in  which  they  exist  in  the 
living  plant,  they  are  found  in  their  ashes  when  burned. 

Animals  next  claim  our  attention.  For  them  has  the  plant  lifted 
soil  materials  into  a form  in  which  they  can  use  them  ; and  as  that 
work  was  done  by  the  plant -cell,  so  now  the  plant  materials  are 
subjected  to  further  changes  by  the  action  of  animal  cells,  which 
raise  them  to  the  highest  forms  of  organisation  of  which  they  are 


C -51.5  to  54.5 
H-  6.9  to  7.5 
20.6  to  26.3 
N - 15.5  to  18.5 
S - .4  to  1.6 
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capable.  Some  of  these  cells  convert  the  foods  into  blood,  and 
others  employ  the  blood  materials  for  repairing  waste,  providing 
for  growth,  and  carrying  on  the  other  functions  of  the  body. 

Foods  for  Animals. — The  substances  found  in  the  plants  must 
now  be  considered  as  animal  foods,  and  classified  according  to  their 
feeding  qualities  : — 

(a.)  Heat-giving  or  respiratory  foods. — If  plants  store  up  force  in 
their  growth,  animals  expend  it,  and  this  in  different  ways.  They 
must  maintain  a certain  degree  of  warmth  for  health  and  vigour, 
and  this  is  done  in  connection  with  the  arrangements  for  breathing 
or  respiration.  It  will  be  remembered  that  O assists  in  the  burning 
of  bodies,  and  this  process,  called  combustioii , goes  on  in  a certain 
form  in  the  animal  system,  which  is  heated  by  the  combustion  of 
the  materials  made  out  of  the  carbo-hydrates  and  fats  of  the  food. 
Hence  these  are  necessary  to  co-operate  with  the  O breathed  into 
the  lungs  in  order  to  warmth. 

(6.)  Flesh-forming  foods. — The  albuminoids  are  so  called,  they 
being  used  for  the  building  up  of  lean  muscle,  but,  when  needed, 
furnish  also  the  materials  for  fats  and  other  parts  of  the  body. 

(c.)  Mineral  foods  are  necessary  for  bones,  especially  lime,  which 
these  contain  in  large  proportion. 

Fermentation.— While  plants  and  animals  raise  their  foods  to 
higher  forms,  their  waste  materials  during  life,  and  their  whole 
bodies  after  death,  become  reduced  to  simple  forms,  in  which  they 
can  mingle  with  the  air  and  soil  and  serve  new  generations  of  living- 
beings.  So  nature  pursues  one  ceaseless  round  of  building  up  and 
pulling  down,  and  rebuilding  out  of  the  ruins  of  her  former  activities. 

One  of  the  main  forces  employed  in  the  reduction  of  animal 
and  vegetable  matter  through  decay  to  fresh  usefulness  is  the  fer- 
ment, an  organism  belonging  to  the  borderland  between  the  animal 
and  vegetable  kingdoms,  and  so  minute  as  only  to  be  seen  by  the 
higher  powers  of  the  microscope.  The  history  of  the  discovery  of 
ferment  and  of  the  proofs  of  their  capabilities  and  operations  would  be 
interesting,  but  want  of  space  forbids  their  being  entered  into.  Suffice 
it  to  say,  that  though  a comparatively  new  study,  many  facts  of 
inestimable  value  have  been  established,  which  will  be  helpful  in 
practical  matters. 

Because  of  the  confusion  which  prevails  about  names  and  systems 
of  classification,  we  will  adopt  the  term  ferment , and  its  French 
equivalent  microbe , as  best  meeting  our  case  for  the  whole  class  of 
organisms  in  a living  state  ; and  germ,  as  properly  describing  the 
seed  from  which  the  ferment  springs. 

Ferments  are  differently  shaped,  round  and  oval,  rod-shaped, 
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wavy,  and  spiral,  &c.,  &c.,  but  all  of  simple  forms.  They  increase 
under  favourable  conditions  at  an  incalculable  rate,  partly  by  each 
dividing  into  two  distinct  and  complete  forms,  and  partly  by  forming 
germs  in  a certain  state  and  scattering  these  to  form  a new  genera- 
tion of  living  ferments.  If  fission,  the  former  method,  occurs  once 
in  every  hour,  as  is  the  case  with  many  kinds,  this  continuing  for 
twenty-four  hours  will  give  a progeny  of  i6f  millions  for  the  single 
original  ferment ! 

The  conditions  which  are  essential  to  the  germination  of  the 
germ,  and  the  increase  and  action  of  the  ferment,  must  now  be 
stated.  These  are— 

(a.)  Moisture  in  some  degree. 

(A)  The  food  of  the  ferment  in  an  available  form.  The  albu- 
minoids are  especially  important,  with  O and  C,  alkaline  phosphates, 
and  ammoniacal  salts.  Some  kinds  need  free  O throughout  their 
life  work,  others  require  it  only  to  begin  with,  and  can  afterwards 
obtain  it  by  the  decomposition  of  the  substance  attacked. 

(c.)  A suitable  temperature.  Each  ferment  has  its  own  best 
temperature,  with  a range  above  and  below,  within  which  it  can 
thrive,  and  beyond  which  it  grows  feeble  and  inactive  with  greater 
distance  from  the  most  favourable  point.  Heat  from  140°  Fahr. 
and  upwards,  according  to  their  kind  and  state,  will  kill  them  ; but 
the  germs  resist  very  much  higher  temperatures,  and  some  only 
become  incapable  at  240°  Fahr.  and  upwards.  Cold  within  any 
range  possible  to  the  present  does  not  kill  them. 

The  electrical  condition  of  the  air,  or  of  the  substance  attacked, 
affects  their  activity  ; the  prevalence  of  negative  electricity,  as  in 
“muggy”  weather  and  thunderstorms,  being  very  helpful  to  some 
kinds  at  least  ; while  in  a clear  state  of  the  atmosphere,  when  its 
electrical  condition  is  positive,  they  are  feebler. 

Although  O is  necessary  to  them,  it  is  also  a destructive  agent 
when  in  excess  of  their  needs,  and  especially  in  Ozone  (0;f) ; and  as 
this  influence  is  more  considerable  in  the  open  country  than  in 
places  thickly  populated,  fermentation  is  more  liable  to  the  latter, 
and  in  its  most  rapid  development. 

Ferments  are  not  only  found  in  substances  actually  fermenting, 
but  also  in  the  air,  water,  and  soil  ; carried  by  the  first,  especially 
in  the  germ  state,  and  in  every  current  ; and  finding  in  the  others 
their  food  materials  and  necessary  conditions.  Their  distribution  is 
very  uncertain  under  these  circumstances,  not  being  alike  at  the 
two  ends  of  an  hour  in  any  place.  This  explains  many  irregulari- 
ties which  perplex  observers,  who  find  substances  which  keep  well 
at  one  time  and  place,  quickly  spoiled  at  another  time  without  any 
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apparent  difference  in  conditions.  They  are  usually  most  numerous 
on  low  grounds,  damp  spots,  and  in  warm  seasons. 

The  decomposition  of  albuminoids,  fats,  and  carbo-hydrates  sets 
their  elements  free  to  form  new  and  simpler  combinations — H and  O 
forming  water,  C and  O forming  C02,  while  N is  found  with  H and  O 
as  HNOs  and  HNCb  (nitrous  acid),  and  NH3 ; and  P and  S give  rise 
to  H2S04,  H3P04,  and  other  kindred  compounds.  The  ash  con- 
stituents of  the  decaying  bodies  follow  suit  in  the  general  breaking 
up. 

The  direct  products  of  fermentation  are  also  important,  the 
Ptomaines  ( to-ma-eens , from  ptoma , a dead  body)  being  always 
unwholesome,  and  in  some  cases  poisonous.  They  are  akin  to  the 
Alkaloids,  which  are  of  two  types, — the  one  having  no  O and  being 
fluid  and  volatile,  as  pyridine  C5H5N  ; and  the  other  having  O,  and 
represented  by  creatin  C4H9N;!0,  and  allied  compounds,  and  by  poisons 
of  the  narcotic  and  strychnine  classes,  which  are  crystallisable  and 
non-volatile.  These  act  as  bases  with  acids  as  NH,  does.  The 
alkaloids  of  fermentation  are  akin  to  one  or  other  of  these.  Besides 
there  are  other  highly  poisonous  compounds,  colloid,  related  to  the 
Globulins,  and  commonly  grouped  under  the  head  of  “fermentative 
extractives.” 

The  work  does  not  generally,  if  ever,  proceed  under  the  same 
ferment  from  beginning  to  end.  There  are  several  successive  main 
fermentations,  in  each  of  which  the  products  form  a limit  to  its 
progress  in  its  own  direction  ; when  that  limit  has  been  reached,  other 
ferments  take  up  the  work  and  carry  it  on  to  their  limit,  and  so  on  ; 
even  the  ptomaines  joining,  in  some  cases,  with  the  larger  products 
to  bar  their  way. 

The  leading  forms  of  fermentation  are  briefly  as  follows,  viz.  : — 

(a.)  Alcoholic  fermentation. — Solutions  of  sugar  are  attacked  by  a 
ferment,  yeast , which  separates  the  sugar  into  alcohol  and  carbon- 
dioxide,  as  in  the  following  formula,  — CgH^Oy  (sugar)  = 2C3HfiO 
(alcohol)  + 2C02,  with  a certain  proportion  converted  into  other  sub- 
stances by  the  feeding  of  the  ferment. 

(A)  Ammoniacal  fermentation. — The  decomposition  of  urea  in  the 
urine  of  animals  is  effected  by  another  microbe  with  the  production 
of  ammonium  carbonate,  as  CH4N20  (urea)  + 2H30==(2NH4)C03 
(ammonium  carbonate),  which  again  decomposes  into  2NH3 
(ammonia)+  H20  + C02. 

(c.)  Lactic  acid  fermentation. — This  form,  so  called  because  of  its 
best  known  connection  with  milk,  may  also  take  place  in  any  sugar 
solution  under  the  necessary  conditions.  The  simplest  conception  of 
the  work  is  shown  in  the  formula  CGH12Oe=2C3HuOa  (lactic  acid). 
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(d.)  Acetous  fermentation. — This  follows  the  alcohol  formation 
of  a by  taking  up  two  atoms  of  O for  every  molecule  of  alcohol,  as 
C,HgO  + 03= HaO  + C0H4O2  (acetic  acid).  It  is  by  this  process  that 
vinegar  is  made. 

(e.)  Butyric  acid  fermentation. — This  form  may  follow  lactic  acid 
formation,  as  2C:iH«03  = C4HsOo  (butyric  acid)  + 2CO0  + H4  (free); 
but  it  can  also  be  produced  in  starches,  albuminoids,  and  organic 
acids,  the  processes  involving  further  combinations,  into  which  it  is 
unnecessary  to  enter. 

(/)  Mann i tic,  viscous,  or  gummy  fermentation. — This  is  a more 
complicated  process  than  the  foregoing,  and  probably  consists  of  two 
actions  making  progress  at  the  same  time.  In  one  case  mannite — 
C6H1408  with  some  C02 — is  produced  ; in  the  other,  gum — C,;H]0Og 
with  H._,0.  The  former  result  is  akin  to  the  mannite  of  manna  juice, 
and  the  latter  to  the  vegetable  gums.  This  fermentation  causes  a 
peculiar  slimy  “ropiness”  in  wines,  milk,  and  other  liquids. 

There  are  besides  the  foregoing,  microbes  producing  coloration, 
as  that  which  forms  litmus  in  an  infusion  of  the  lichen,  Rocella 
tinctoria,  and  others  ; and  even  more  important  to  us,  the  many  and 
very-little-known  feiments  which  cause  taints  in  perishable  liquid 
foods,  of  which  more  by  and  by.  Of  the  latter,  however,  it  may  be 
said  that  they  are  all  helped  by  filth  and  carelessness  in  management, 
and  no  small  part  of  the  mysteries  of  the  pantry,  the  cellar,  and  the 
dairy  arise  from  the  encouragement  afforded  to  the  mischievous 
ferments  by  the  presence  of  the  decaying  materials  on  which  they 
depend. 

In  the  light  of  the  facts  so  far  given,  we  may  proceed  to  the  study 
of  our  special  subject  with  the  advantage  of  a general  conception  of 
the  principles  which  will  be  specially  applied  in  connection  with  it. 


CHAPTER  II. 


ORIGIN  AND  PRODUCTION  OF  MILK 

The  Cow  and  her  Milk. — The  original  purpose  of  the  milk  of 
the  cow  is  the  sustenance  of  her  offspring  ; and  the  other  uses 
to  which  it  may  be  put,  though  doubtless  in  view  of  the  Divine 
wisdom  in  creation,  must  all  be  regarded  as  secondary.  When 
therefore  the  dairyer  employs  it  in  the  manufacture  of  foods,  he 
must  be  guided  in  his  processes  by  the  natural  laws  which  govern 
its  composition  and  behaviour. 

The  cow  makes  her  milk  out  of  her  blood,  which  she  has  made  in 
the  first  place  out  of  her  food,  and  it  is  therefore  proper  to  consider 
the  processes  of  transformation  in  order  to  understand  the  bearing  of 
the  cow’s  personal  functions,  health,  feeding,  and  other  conditions, 
upon  the  milk  and  the  foods  prepared  from  it. 

Foods,  how  Converted  into  Milk. — Given,  then,  suitable  foods, 
grasses,  or  other  plants,  hay,  roots,  meals,  or  what  not,  with  their 
varying  proportions  of  starches,  sugars,  fats,  albuminoids,  and  soluble 
minerals,  the  cow  converts  these  into  blood  by  the  processes  of 
digestion,  absorption,  and  transformation.  Digestion  consists  in 
the  change  of  the  insoluble  parts  of  the  foods  into  the  soluble 
forms  necessary  to  their  conversion  into  blood.  The  starches 
are  so  changed  into  sugar  by  the  action  of  saliva , an  alkaline 
liquid  which  is  secreted  by  glands  in  the  region  of  the  mouth,  and 
mixed  with  the  foods  during  eating  and  the  chewing  of  the  cud. 
The  active  agent  in  this  case  is  ptyalin  (tf-a-lin),  one  of  a class 
of  substances  called  enzymes , which  are  secreted  from  the  blood 
and  specially  concerned  in  such  changes,  acting  with  water  in  pro- 
ducing them.  In  this  they  resemble  the  life-cells  of  animals  and 
plants,  though  they  differ  in  other  respects.  The  formula  C6Hl0O5 
(starch)  + H,.0  = CgHI2Og  (sugar)  shows  the  chemical  change,  but  the 
physical  differences  between  the  starch  and  sugar  are  much  greater 
and  make  all  the  difference  between  uselessness  and  usefulness. 

The  colloid  albuminoids  arc  changed  from  the  proteid  or  insoluble 
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into  th  z peptone  or  soluble  form  by  the  gastric  juice , which  is  secreted 
by  glands  in  the  inner  lining  of  the  fourth  stomach,  and  mixed  with 
the  finely  chewed  foods  by  contractions  of  that  organ.  The  enzyme  in 
this  instance  is  pepsin,  the  action  of  which  is  aided  and  modified  by 
HC1  and  certain  mineral  salts,  which  vary  with  the  feeding  and  con- 
sequent composition  of  the  blood.  Vegetable  casein  is  coagulated  by 
the  juice,  and  the  other  nutrients  of  the  same  class  are  entangled  with 
it,  the  whole  being  speedily  reduced  to  solubility.  It  now  enters  the 
small  intestine,  in  which  it  is  at  once  mixed  with  bile , a bitter  alkaline 
fluid  of  yellow  colour,  formed  in  the  liver.  This  acts  upon  the  fats, 
producing  with  them  an  emulsion,  in  which  they  are  finely  divided  and 
separated.  The  pancreatic  juice,  coming  from  the  pancreas  or  sweet- 
bread, goes  on  to  digest  the  remaining  undigested  starches,  emulsifies 
fats,  dissolves  gelatinous  foods,  and  even,  it  is  said,  albuminoids  on 
occasion,  besides  decomposing  some  part  of  the  fats  into  glycerin 
and  acids.  The  foregoing  are  the  main  agents  in  bringing  the  foods 
into  the  chyme  (kime)  state,  in  which  they  are  found  in  the  follow- 
ing forms,  viz.  : — 


in  solution. 


1.  Fats,  in  emulsion, 

2.  Carbo-hydrates,  sugars, 

3.  Peptones,  albuminoids, 

4.  Minerals,  salts, 

5.  Water  and  digestive  juices. 

6.  Digestible  food  still  undigested. 

7.  Indigestible  fibrous  materials. 

The  main  parts  of  the  first  five  items  above  are  now  absorbed  into 
the  blood,  and  changed  into  it  also,  by  two  stages, — the  first  being 
wrought  by  cells  covering  the  tiny  organs  of  absorption  which  line  this 
intestine,  and  the  second  by  those  of  the  spleen.  When  the  entire 
transformation  is  effected,  the  blood  made  differs  strikingly  from  the 
chyme.  It  consists  of  a nearly  colourless  fluid  called  the  plasma,  in 
which  float  many  yellowish-red  disc-shaped  bodies  called  co7puscles 
(cor-pus-kels),  with  others  which  are  colourless  and  are  called 
leucocytes.  The  red  corpuscles  are  mostly  albuminoid  ; a colourless 


proteid  called  para-globulin,  having  another — hccmo-g/obin — distributed 
among  it,  and  this  latter  containing  hcematin,  which  has  9 per  cent,  of 
Fe,  and  gives  the  red  colour.  They  are  about  one-third  solid, 
and  contain  nearly  one  per  cent,  of  inorganic  substances  coming 
originally  from  the  soil.  The  leucocytes  are  usually  nearly  globular, 
but  alter  their  forms  much  and  undergo  considerable  physical  changes, 
breaking  up  finally  and  leaving  their  denser  internal  part  as  red 
corpuscles.  These  latter  are  in  much  greater  numbers  than  the 
colourless  sort.  The  plasma  has  about  10  per  cent,  of  solids,  of  which 
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7.88  per  cent,  are  proteids,  .17  fat,  and  .39  extractives,  while  minerals 
are  present  in  trifling  quantities. 

Blood  coagulates  when  removed  from  the  living  body,  when  a new 
substance,  fibrin  (Fig.  5),  appears  in  the  shape  of  fine  threads,  which 


is  from  thence  sent  into  the  lungs,  where  it  comes  into  contact  with 
the  air  breathed  into  these;  being  distributed  for  the  purpose  through 
many  tiny  blood-vessels  called  capillaries , taking  in  the  free  O of  the 
air,  and  giving  off  C02,  vapour  of  water,  and  various  impurities, 
changing  from  its  previous  dark  colour  to  a bright  red,  and  increasing 
its  vitality  and  fitness  for  the  offices  of  nutrition.  The  red  corpuscles 
take  up  the  O in  association  with  their  haemo-globin. 

Fresh  Air  and  its  Relation  to  Temperature. — The  exchange  of 
gases  in  the  lungs  points  to  the  necessity  to  the  health  of  the  cow, 
of  an  abundant  supply  of  pure  and  fresh  air.  Pure  air  breathed 
in,  contains  in  10,000  parts  about  2,100  parts  of  O and  only  3 of 
COo  ; whereas  that  breathed  out,  contains  only  1,600  parts  of  O 
and  470  of  C02.  At  this  rate,  it  would  not  take  long  to  convert  a 
considerable  body  of  confined  air  into  a gaseous  combination  danger- 
ous to  life,  for  the  suffocating  effects  of  C02  will  be  remembered. 
The  N of  the  air  has  a similar  tendency.  The  injury  to  the  health 
and  vitality  of  animals  lacking  proper  air  must  therefore  be  great. 

Here  we  may  conveniently  consider  the  office  of  O in  the  blood, 
as  it  is  obtained  by  respiration.  The  nutrients  of  the  blood  are 
carried  to  all  parts  where  cells  are  building  up  fresh  growth,  or 
repairing  the  waste  caused  by  the  various  forms  of  activity ; and  there, 
with  the  production  of  force,  and  the  formation  of  new  substances, 
(whether  incorporated  with  the  solid  parts  of  the  body  or  circulating 
with  the  blood),  they  are  used  up.  Decomposition  takes  place  because 
of  the  agency  of  O in  the  kind  of  burning  called  oxidation.  Now,  just 
as  the  burning  of  wood  or  coal  furnishes  heat  and  force  to  water, 


entangle  the  corpuscles  and  with 
them  form  the  “clot.'’’  Fibrin,  as 
such,  is  not  found  in  blood,  but  is 
believed  to  arise  from  the  opera- 
tion of  an  enzyme  upon  a proteid 
called  fibrinogen.  The  liquid  re- 
maining is  called  the  serum,  and 
differs  from  the  plasma  in  not 
having  the  proteid  which  has 
undergone  coagulation. 


Fig.  5. — Fibkin  in  Blood. 


The  blood,  having  been 
changed  in  the  liver,  goes  to 
the  right  side  of  the  heart,  and 


PRODUCTION  OF  MILK. 


27 


which  in  the  form  of  steam  will  drive  engines,  so  the  using  up  of 
blood  materials  provides  force  for  the  requirements  of  the  animal  ; 
and  just  as  the  combustion  of  wood  or  coal  is  helped  by  O,  and  gives 
off  CO.,  and  Hl.O  as  gas  and  vapour,  so  these  are  given  off  whenever 
the  oxidation  or  combustion  of  the  carbo-hydrates  and  proteids  of  the 
blood  takes  place.  With  albuminoids  there  is  some  N to  be  disposed 
of,  and  one  product  of  combustion  is  urea , CH4N^O,  which  is  cast  out 
of  the  system,  not  from  the  lungs  but  by  a different  route. 

The  temperature  of  the  body  is  maintained  within  a few  degrees 
above  or  below  its  average — with  the  cow  ioo°  Fahr.  to  102° — by  the 
circulation  of  the  blood,  absorbing  heat,  and  carrying  it  to  all  parts 
where  the  temperature  would  naturally  be  lower.  Within  reasonable 
limits,  the  flow  of  blood  can  be  easily  regulated;  for  if  the  air  becomes 
warmer,  the  capillaries,  expanding  with  the  expansion  of  the  blood, 
give  off  more  moisture  than  usual,  and  this  evaporating  as  sweat 
helps  to  reduce  the  temperature.  On  the  other  hand,  cold  affects  the 
nerves,  which  partly  control  the  capillaries  ; and  causing  them  to 
bring  about  contraction  of  those  blood-vessels,  helps  to  preserve  the 
heat  which  would  otherwise  be  lost.  When,  however,  the  cold  is  too 
great,  these  nerves  become  unable  to  act,  being,  so  to  speak,  para- 
lysed ; and  their  control  being  suspended,  too  much  blood  is  passed 
into  the  capillaries,  and  inflammation  follows.  This  is  aggravated  by 
dampness  in  the  air;  for  the  bracing  influence  of  a dry  cold  is  lost  in 
such  case,  to  a great  extent,  because  of  the  reduced  evaporation. 
The  effects  may  be  local  at  first,  but  the  whole  system  must  be 
damaged  by  them,  poverty  of  blood  naturally  arising  out  of  the 
diseased  condition,  and  waste  of  materials.  So,  also,  too  great 
heat  may,  by  way  of  relaxed  nerves,  produce  a similarly  mischievous 
effect.  Hence  the  necessity  that  the  air  temperature  should  rise  or 
fall  but  little  above  or  below  that  point  which  is  best  for  the  health 
and  comfort  of  the  animal  body. 

For  combustion,  fuel  is  necessary,  no  less  in  the  animal  than  in  the 
fire-grate.  This  means  that  the  food  must  contain  sufficient  fats  and 
carbo-hydrates  to  meet  the  demands  of  the  system  for  heating  as  well 
as  for  building.  But  heating  by  foods  is  a wasteful  policy  when  the 
surrounding  temperature  is  made  a matter  of  no  concern.  Plainly, 
the  greater  the  cold  the  heavier  must  be  the  demands  made  upon  the 
foods  for  warmth  ; therefore,  arguing  the  other  way,  the  warmer  the 
air,  within  reason,  the  less  the  food  required  to  serve  that  demand, — 
so  that  shelter  and  comfort  save  food,  and,  costing  less,  are  more 
economical. 

Milk  in  Process  of  Secretion.— Returning  to  the  blood  circu- 
lation, we  find  that  which  has  passed  through  the  lungs  returning 
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to  the  left  side  of  the  heart,  and  being  sent  out  through  the 
arteries  to  all  parts  of  the  system.  Certain  branch  arteries  supply 
the  udder  or  mammary  gland  with  the  blood  for  milk  secretion. 
The  udder  is  a body  of  tissue  of  spongy  character,  divided  length- 
wise into  two  main  parts,  called  lobes , by  a wall  of  ligament 
or  fibrous  tissue  which  supports  the  organ.  From  this  wall  fibres 
run  through  the  structure  and  join  the  outside  coat  beneath  the 
skin,  so  binding  the  whole  well  together,  and  yet,  by  their  elasticity, 
giving  scope  for  motion  and  expansion.  The  cavities  which  give  it  a 
spongy  appearance  belong  to  four  systems,  and  connect  with  tubes 
which  join  each  other,  and  enlarge  (just  as  streams  join  to  form  rivers), 
finally  opening  into  the  four  large  milk  cisterns  situated  above  the 
four  active  teats  of  the  organ.  Two  of  these  systems  lie  .on  either 
side  of  the  ligament,  and  a cow  is  therefore  said  to  have  four  quarters. 
There  are  sometimes  two  other  teats,  not  fully  developed,  and  having 
no  milk-forming  organs.  Each  system  is  distinct  from  its  fellow,  and 
it  is  possible  for  either  to  fail  while  the  rest  yield  milk. 

The  tissue  is  of  a grey  colour,  flushed  with  the  red  of  the  blood. 
In  the  cavities  referred  to  above  the  milk  is  secreted.  They  are  of 
globular  or  pear  shape,  and  extremely  small.  Each  is  an  independent 
organ  of  itself  (Fig.  6),  and  described  as  an  alveolus  (meaning  a little 
cavity,  plural  alveoli).  It  is  lined  with  epithelium  cells  a,  surrounding 

and  close  to  which  are  the 
blood  capillaries  fed  by  an 
artery  c,  and  emptying  into 
a vein  d.  The  cells  receive 
the  blood  which  escapes  from 
the  capillaries,  and  convert 
certain  parts  of  this  into  cer- 
tain parts  of  milk,  while  the 
remainders  pass  into  the  in- 
teriors of  the  alveoli  without 
practical  change.  It  appears 
to  be  reasonably  certain  that 
both  kinds  of  blood  - cor- 
puscles, as  well  as  the  plasma, 
furnish  the  cells  with  milk- 
making materials.  The  red 
corpuscles  alone  contain  Fe, 
and  this  (in  Fe.,0.,)  is  present  in  the  ash  of  milk.  A complete  decom- 
position of  the  constituents  of  blood,  and  their  reconstitution  in  new 
forms,  is  quite  within  the  range  of  cell  possibilities.  There  are 
albuminoids  in  all  parts  of  the  blood,  fats  mainly  in  the  corpuscles, 
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sugar  among  the  extractives,  and  inorganic  substances.  It  is  not, 
however,  suggested  that  all  these  furnish  directly,  and  only*  the  milk 
constituents  of  their  own  types  ; for  some  parts  of  milk  are  of  wider 
origin,  and  are  the  products  of  the  cells’  operations  upon  unlike  sub- 
stances. But  neither  is  it  admitted  that,  as  some  claim,  some  of  them 
have  no  share  in  the  constitution  of  those  parts  of  milk  to  which  they 
are  most  nearly  akin.  The  blood  supplied  to  the  udder  does  not 
contain  enough  fat  to  account  for  the  usual  proportion  in  milk,  and  in 
sugar  the  deficiency  is  striking  ; so  that  at  least  there  must  be  a pro- 
duction of  these  in  part  from  other  blood  materials.  But  the  fat  and 
sugar  of  the  blood  are  certainly  not  all  used  up  in  maintaining  force 
and  heat,  as  is  proved  by  the  influence  of  fatty  foods  which,  within 
limits,  increase  the  fat  in  milk,  and,  what  is  more  important,  stamp 
their  character  on  that  product. 

On  the  other  hand,  it  is  found  that  specially  fatty  foods,  used  in 
large  proportion  to  the  whole  feeding,  do  not  increase  fat  in  milk, 
and  even  cause  it  to  fall  off  somewhat  ; while  albuminoids,  with  but 
little  fat  to  accompany  them,  cause  an  increase  of  milk-fat  beyond 
the  proportion  of  fat  in  the  food,  or  the  amount  available  after 
warmth  and  force  have  been  provided  for.  It  has  therefore  been 
hastily  assumed  by  some  people,  that  all  the  fat  of  milk  must  be 
made  from  the  albuminoids  of  the  blood,  a conclusion  which  is  opposed 
to  practical  observation.  The  apparent  contradiction  and  confusion 
are  due  to  the  ignoring  of  certain  elementary  facts  which  explain 
the  matter  clearly. 

The  cells  are  proteid,  and  must  be  fed  with  foods  of  that 
nature.  A purely  fatty  food  would  therefore  starve  them  ; and  any 
food  deficient  in  proteids  would  weaken  them,  and  reduce  their 
activity  to  an  extent  proportionate  to  the  deficiency.  But  cells  well 
fed  with  proteids  can  also  deal  with  fatty  foods  to  a certain  extent, 
and  the  milk  will  increase  in  fats  proportionately.  Meanwhile,  in  the 
deficiency  of  fats  and  carbo-hydrates,  the  cells  can  make  fats  out  of 
the  C,  H,  and  O of  the  proteids.  But  the  powers  of  the  cells  to  deal 
with  any  kind  of  blood  materials  is  necessarily  limited  as  to  quantity. 
The  limits  may  not  be  alike  in  every  case,  but  they  are  there,  and 
they  are  narrow  ; and  what  cannot  be  used  in  milk-making  will  go  to 
the  building  cells,  and  be  used  to  pile  flesh  and  fat  on  the  animal 
frame.  The  limit  will  be  discussed  further  under  breeding  and 
feeding. 

The  tendency  of  high  feeding  is  to  improve  milk  in  all  its  con- 
stituents, but  especially  to  increase  its  fat ; and  attempts  to  greatly 
augment  the  albuminoids  by  feeding  foods  of  that  character  are 
disappointing  in  their  results,  the  improvements  being  distributed  all 
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round,  with  a special  increase  of  the  fats.  But  this  might  be  expected, 
because  the  excess  of  albuminoids  necessarily  means  a decrease  in 
proportion  of  carbon  foods,  and  the  blood  would  use  up  the  smaller 
quantity  of  the  latter  to  a greater  proportionate  extent  in  making  heat  ’ 
and  force,  leaving  the  milk-cells  to  make  up  the  deficiency  by  converting 
the  proteid  elements  necessary  into  fat.  Evidently  the  Creator’s  wisdom 
has  conferred  on  these  minute  bodies  a selective  instinct,  if  it  may  be 
so  called,  requisite  to  maintain  a general  distribution  of  any  enrich- 
ment, arising  out  of  special  feeding,  in  due  proportion  among  the 
constituents,  and  to  throw  any  excess  of  blood  proteids  used  into  the 
form  of  fat.  Here  the  original  purpose  of  milk  puts  a limit  on  any 
alteration  of  its  composition  upwards.  The  nutrients  in  the  milk  are 
kept  within  a range  .suitable  to  the  needs  of  the  calf, -for  which  if  one 
constituent  is  increased  the  rest  should  follow  suit  ; and  if  any  one  in 
particular  must  be  in  final  excess,  it  should  be  that  which  will  most 
tend  to  early  maturity.  This  very  provision  has  been  made,  for  fat 
has  that  tendency,  because  it  sets  the  proteids  free  for  muscle  build- 
ing, itself  furnishing  heat  and  storing  up  its  balance  as  the  fat  of  the 
calf’s  body;  while  the  growth  is  not  only  rapid,  but  procured  with  the 
least  expenditure  of  cell  force,  because  the  conversion  is  into  like 
substances. 

The  same  rule  holds  good  on  the  other  side.  Poor  feeding  tends 
to  impoverish  milk  all  round,  but  especially  to  reduce  the  fat.  Here 
the  proteids  form  the  final  refuge  ; for  the  calf  can  live  with  but  little 
fat,  but  not  without  flesh-formers,  which  never  fall  so  low  in  milk  as 
fat  will  do.  Given  the  proteids,  even  in  their  lowest  proportion  in 
milk,  with  just  enough  fat  and  sugar  to  maintain  warmth,  and  the  calf 
will  live,  though  its  growth  will  be  slow  and  early  maturity  impossible. 
So  it  is  evident  that  the  proportions  of  the  constituents  are  ruled  by 
the  secreting  cells  for  the  advantage  of  the  calf ; and  we  are  taught 
that  the  cow  is  not  a mere  milk-making  machine,  to  take  in,  and 
grind  up,  and  turn  out,  just  whatever  it  may  suit  our  convenience  to 
desire. 

The  Sources  of  Milk  Constituents. — Tn  view  of  these  considera- 
tions, it  may  be  argued  with  good  reason  that  the  cells  convert 
the  albuminoids  of  the  blood  into  similar  substances,  and,  if  neces- 
sary, into  fats  and  sugar  also  ; making  up  the  lack  of  the  two  last, 
and  bringing  the  proportions  of  all  three  to  a proper  basis  of  relation. 
In  all  probability  the  fats  are  secreted  first  from  the  blood-fats,  then 
from  the  proteids  ; the  sugar  first  from  the  sugar  of  blood,  afterwards 
from  the  proteids. 

There  are,  however,  two  main  albuminoids  in  milk, — the  one 
albumin,  nearly  like  the  kindred  substance  in  the  plasma  ; the  other 
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casein,  differing  radically  in  certain  important  points  of  behaviour, 
and  from  seven  to  nine  times  more  in  quantity.  To  these  may  be 
added  nuclein , which  is  commonly  included  with  the  casein,  though  a 
distinct  compound. 

The  ash  materials  of  the  blood  used  are  probably  all  conveyed 
into  the  milk  without  change  ; this  is  certainly  true  of  the  water, 
which  is  continually  oozing  through  from  the  capillaries,  removing  the 
changed  or  newly-made  milk  constituents,  and  retaining  them,  either 
in  suspension,  as  the  fats  ; in  diffusion,  as  the  casein  ; or  in  solution, 
as  the  sugar. 

The  fats  are  cast  out  in  globules,  in  a semi-liquid  state,  and 
join  together  in  many  cases,  and  in  varying  numbers,  to  form  larger 
globules.  This  is  evident  from  their  great  variations  in  size,  the 
largest  being  eighteen  times  greater  in  diameter  than  the  smallest  ; 
and  the  fact  that  many  of  them,  as  found  in  milk,  are  larger  than  the 
secreting  cells.  As  seen  under  the  microscope,  milk  presents  the 
appearance  shown  in  Fig.  7,  where  these  variations  in  size  are 
manifest.  This  gathering  is 
arrested  by  the  formation  of  an 


Such  facts  as  are  necessary  Fig.  7.— Milk  under  the  Microscope. 

for  immediate  purposes  will 

now  be  presented,  and  the  remainder  will  follow  as  they  arise  in  other 
connections.  First,  however,  it  is  not  claimed  that  the  covering  is  of 
such  a character  as  to  justify  the  use  of  the  terms  “membrane” 
and  “cuticle”  to  describe  it;  these,  when  employed,  have  possibly 
expressed  more  than  was  intended  by  the  writers.  Nor  is  any  appear- 
ance of  rings  in  the  globules,  as  seen  under  the  microscope,  to  be 
advanced  as  proof;  neither  their  presence  nor  their  absence  can  count 
in  the  case  at  all,  for  they  arise  from  refraction. 

A leading  argument,  which  can  be  dealt  with  here,  is  raised 


envelope  of  casein,  which  be- 
comes attached  to  the  surface 
of  each  globule  by  cohesion. 
This  statement  is  made  with 
the  knowledge  that  it  is  directly 
at  issue  with  recent  theories. 
But  all  evidence  at  present  to 
hand  on  this  subject  has  been 
carefully  considered,  and  it  is 
found  that  most  of  it  confirms 
the  envelope  theory,  and  that 
the  rest  has  no  practical  bear- 
ing on  the  matter. 
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against  the  envelope  theory  out  of  the  fact  that  soaps,  syrups,  or 
sugars,  in  water,  when  shaken  up  with  fats,  separate  the  latter  in  a fine 
state  of  division,  and  make  what  may  be  called  artificial  emulsions,  in 
which  the  fats  behave  like  the  globules  in  milk.  Whether  all  such 
liquids  are  precisely  like  casein  in  water  in  their  relations  with  fats  is 
of  no  consequence  to  the  present  question  ; for  in  milk  we  have  to  do, 
not  with  soap  or  sugar,  but  with  casein.  A nearer  and  more  natural 
parallel  is  found  in  alkali-albuminate  (albumin  diffused  in  water,  with 
an  alkali  added),  which  will  be  recognised  as  akin  to  casein.  Milk;  in 
a dialyser,  will  leave  its  casein  behind  ; alkali-albuminate,  when 
tested  in  the  same  way,  passes  through.  But  if  fat  be  shaken  up  well 
with  the  latte^  it  acts  like  casein,  and  leaves  part  of  its  albumin  within 
the  dialyser.  Does  not  this  show  that  the  albuminate  enters  into  the 
relations  with  the  divided  fat,  which  we  claim  to  exist  between  the 
globules  and  casein  in  milk?  This  argument,  therefore,  illustrates 
the  very  theory  it  was  intended  to  destroy.  In  view  of  the  foregoing 
and  forthcoming  facts,  the  presence  of  envelopes  on  the  fat  globules 
of  milk  will  be  assumed,  and  consistently  maintained.  The  practical 
value  of  this  belief  is  considerable  ; it  is  admitted  by  opponents  to 
be  “a  good  working  theory,”  but  if  it  be  unsound  let  it  perish. 

The  milk  secreted  in  the  alveolus  passes  through  its  mouth  to  join 
that  from  neighbouring  alveoli  in  a common  tube,  and  with  other 
supplies  on  the  way  to  the  milk  cistern,  and  occupy  these  or,  when 
they  are  full,  the  tubes,  until  removed.  The  teat  is  simply  a spongy 
tube,  more  or  less  distinct  in  different  cases,  but  closed  at  each  end  by 
a ring-shaped  muscle,  which  is  relaxed  at  will,  and  in  response  to  the 
sucking  of  the  calf  or  the  hand  of  the  milker. 
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First  for  consideration  among  the  physical  properties  of  milk  is  its 
density.  The  standard  for  liquids  being  i 
(or,  as  sometimes  given,  iooo),  the  average 
density  of  whole  milk  is  1.031  (or  1031); 
which  means  that  a measure  of  such  milk 
equal  to  1000  ozs.  of  water  would  weigh 
1031  ozs.,  or  31  ozs.  more  than  the  water. 

Pure  milks,  however,  may  range  between 
1.028  and  1.034,  according  to  the  pro- 
portions of  solids  (Fig.  8).  The  density 
of  milk  is  for  this  reason,  and  in  some 
measure,  useful  as  an  indication  of  its 
quality.  As  with  other  bodies,  this  pro- 
perty is  affected  by  changes  of  temperature, 
and  it  is  found  that  a milk  of  1.031  at  59 
F.  (150  C.),  when  heated  to  67°  F.  is  lighter 
by  one  degree  of  density,  or  when  cooled 
to  50°  F.  becomes  heavier  by  one  degree, 
the  difference  on  either  side  being  caused 
by  a variation  of  about  nine  degrees  of 
temperature. 

The  constituents  of  milk  vary  in  their 
specific  gravities  when  separated.  The 
casein  is  about  one-third  heavier  than  the 
standard  water,  and  when  coagulated  it 
sinks  with  a rapidity  proportionate  to  its 
solidity.  The  sugar  is  one -half  heavier 
than  the  standard,  and  the  ash  materials  1 ozo-i 
are  also  on  the  same  side.  The  fats 
average  .930,  or  .070  below  the  standard  ; 
and  albumin  rises  on  coagulation,  showing 
that  it  is  lighter  than  the  remaining  part 
of  the  serum.  This  latter  term  is  now  used 
for  the  first  time  in  this  work  in  connection 
with  milk  ; and  it  may  be  explained  that,  as 
in  the  coagulation  of  blood  the  clot  sepa- 
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rates  the  corpuscles  from  the  main  body  of  the  plasma,  so  in  milk 
the  coagulation  of  the  casein  separates  that  constituent  and  the  fat 
globules  enclosed  in  its  coagulum  from  the  watery  remainder,  which 
may  therefore  be  properly  described  as  the  serum  of  milk , though 
commonly  called  whey.  This  contains  the  albumin,  which  is  not 
coagulated  with  the  casein,  but  can  be  separated  afterwards  by  heat, 
when  it  will  rise  and  form  a flaky  layer  on  the  surface. 

The  fat  globules  rise  to  the  surface  of  milk  at  rest,  leaving  behind 
what  is  often,  though  improperly,  called  the  serum.  Following  the 
distinctions  already  observed  with  blood,  it  may  be  more  correctly 
called  th & plasma  of  milk,  and  this  term  will  be  used.  The  globules 
do  not  gather  so  closely  as  they  appear  to  do,  but  float  in  the  upper 
part  of  the  plasma,  and  the  globules  and  plasma  so  associated  form 
cream.  The  collection  of  the  globules  in  milk  is  hastened  by  certain 
methods,  and  the  removal  of  the  cream  is  carried  out  in  several  ways ; 
but  the  whole  process  of  collection  and  removal  is  properly  described 
as  creaming,  whatever  means  may  have  been  used  to  bring  it  about. 

Under  ordinary  conditions,  creaming  takes  a considerable  time, 
and  is  never  entirely  completed.  The  reasons  are  not  far  to  seek. 
The  globules,  which  range  from  the  TgVir  to  the  ttou!)  °f  an  inch  in 
diameter,  have  to  carry  up  burdens  of  casein  in  their  envelopes  : 
their  rising  is  also  resisted  by  the  plasma  ; and,  finally,  the  distances 
between  their  starting-points  and  the  highest  which  they  can  reach 
vary  according  to  the  depth  of  milk. 

A comparison  of  the  globules  of  milk  is  given  in  Fig.  9,  where  they 


Fig.  9.— Fat  Globules. 

are  shown  as  magnified  1000  times.  The  largest  ( a ) and  the  smallest 
(, e ) are  the  extremes  in  size  at  present  known,  while  ( c ) and  (d)  repre- 
sent the  more  common  range,  and  c is  the  average  globule.  The 
thickness  of  casein  in  the  envelopes  is  equal  though  covering  globules 
of  varying  size,  for  their  origin  is  simply  cohesion.  It  will  now  be 
easy  to  understand  how  the  globule  a can  reach  the  surface  in  much 
less  time  than  the  globule  e,  because  the  proportion  by  bulk  of  the 
lighter  fat  to  the  heavier  casein  is  so  much  greater  in  the  former  than 
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in  the  latter,  and  the  speed  of  their  rising  will  therefore  coi  respond 
with  their  size.  This  natural  law  may  be  applied  to  all  globules  in 
• their  varying  sizes.  The  largest  globules  piobably  have  a density  of 
.950  (.020  heavier  than  the  free  fats),  and  the  smaller  ones  an 
increased  density  in  proportion  to  their  size.  In  the  smallest  globule 
the  proportion  of  the  envelope  by  weight  to  the  contained  fat  is  such 
as  to  balance  it.  Their  specific  gravity  is  therefore  about  the  same  as 
that  of  the  plasma,  and  they  do  not  rise  unless  indeed,  as  is  believed, 
they  are  in  some  cases  carried  up  by  some  of  the  larger  ones.  These 
non-rising  globules  in  milk  which  has  been  well  creamed  form  about 
10  per  cent,  of  the  original  whole,  by  number,  but  their  extremely 
small  size  makes  the  loss  in  butter  very  trifling. 

The  resistance  of  the  plasma  is  an  item  of  considerable  importance 
Water  itself  would  to  some  extent  oppose  their  progress,  though  it 
would  also  help  it  when  once  they  had  begun  to  rise.  Just  as  the 
water  in  front  of  a ship  resists  her  onward  movement  until  it  is 
parted  by  her  prow,  and  then  closing  in  behind  her  actually  urges  her 
forward,  so  it  is  plain  that  the  globules  must  be  both  hindered  and 
helped  by  the  same  force.  Every  globule  in  rising  must  displace  its 
own  bulk  of  the  plasma,  which  must  needs  descend  as  the  globules 
ascend.  Therefore  as  much  of  the  plasma  as  the  bulk  of  the  whole 
body  of  the  globules  must  descend  as  they  rise,  and  both  hindrance 
and  help  will  be  caused  in  proportion  to  this  displacement.  In  milk, 
however,  we  have  to  do  with  special  conditions,  which  require  some 
study  and  skill  to  reduce  their  opposition  to  the  lowest  point  possible. 
The  sugar  and  salts  in  solution  increase  the  resistance  of  the  plasma, 
but  they  also  increase  its  relative  density,  and  thus  help  the  creaming. 
But  the  main  hindrance  is  in  the  presence  and  condition  of  the 
albumin  and  casein,  which  are  in  a state  of  gelatinous  diffusion,  and 
therefore,  by  reason  of  their  character,  capable  of  making  milk  viscous 
or  sticky.  The  larger  the  proportion  of  these  in  milk  the  more 
difficult  is  its  creaming.  Experiments  have  been  made  to  determine 
the  resistance  offered  by  the  albuminoids,  and  it  is  computed  to  be  5^ 
times  greater  than  that  of  sugar,  and  this  may  be  safely  accepted. 

But  this  is  not  all.  The  fine  threads  of  fibrin  have  been  dis- 
covered in  milk  by  Prof.  Babcock,  of  the  Wisconsin  Agricultural 
Experiment  Station,  U.S.A.,  and  though  in  very  small  quantity,  yet  so 
distributed  in  its  cobweb  fashion  as  to  increase  the  difficulty  of  cream- 
ing. Its  proportion  in  milk  is  about  tthW  of  1 per  cent.,  while  in 
separated  blood  it  is  about  tu  of  1 per  cent.,  or  1,500  times  more  in 
blood  than  in  milk.  This  fact  shows  that  in  the  process  of  milk 
secretion,  either  the  albuminoid  of  the  blood,  which  is  specially 
concerned  in  the  formation  of  fibrin,  is  so  changed  as  to  be  almost 
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incapable  of  producing  it,  or  that  for  some  reason  the  enzyme  is  less  in 
presence  or  power.  In  either  case,  the  possibility  of  fibrin  formation  in 
milk  may  be  regarded  as  due  to  an  incomplete  action  of  the  secreting 
cells,  or  to  some  cause  behind  them,  such  as  unnatural  conditions  of 
the  health,  vigour,  or  feeding,  of  the  cow,  with  consequent  conditions 
in  the  blood  beyond  the  power  of  the  cells  of  the  udder  to  remedy  ; 
and  it  is  morally  certain  that  any  unusual  quantity  of  fibrin  must  be 
due  to  such  disturbances  of  the  regular  processes,  and  their  effects 
in  the  animal  economy.  Milk  occasionally  coagulates  spontaneously, 
— z.e.,  without  evidence  of  the  causes  which  generally  produce  coagula- 
tion,— and  this  is  believed  to  be  due  to  an  excess  of  fibrin.  If  this 
theory  is  correct,  the  coagulation  is  like  that  produced  in  blood,  the 
fibrin  being  in  great  excess,  and  using  up  a proportionate  quantity  of 
the  albuminoids  of  the  milk  in  its  production.  In  such  cases  it  is 
evident  that  the  cells  have  not  wrought  the  usual  change  in  the 
albuminoids  of  the  blood,  by  which  the  fibrin  formation  in  milk  has 
been  reduced  to  ToViflh  part  of  that  natural  to  blood,  as  noticed 
above.  The  failure  of  the  cells  may  easily  be  accounted  for  by  some- 
thing unnatural  in  the  health  or  feeding  of  some  cow,  or  perchance  of  a 
whole  herd.  This  theory  is  the  only  satisfactory  one  known  to  us, 
and  agrees  with  the  observations  which  have  been  made  on  such 
occasions,  and  which  have  pointed  to  the  causes  named.  Such 
experiences  are  happily  uncommon,  but  the  presence  and  influence  of 
fibrin  in  ordinary  milk  remain,  and  add  to  the  difficulties  besetting  the 
globule  in  its  ascent.  The  formation  of  fibrin  is  hindered  by  cold, 
and  even  prevented  by  freezing  ; but  on  the  restoration  of  warmth  it 
takes  place,  showing  that  cold  does  not  destroy,  and  only  temporarily 
impairs,  the  tendency  to  produce  it. 

Distance  is  a factor  in  the  undertaking;  for  it  is  evident  that  if  two 
globules  of  the  same  size,  the  one  an  inch  from  the  surface,  and  the 
other  four  inches  from  it,  start  at  the  same  time,  the  latter  will  take 
more  than  three  times  as  long  as  the  former  to  reach  the  end  of  the 
journey,  after  allowing  for  all  variations  in  help  and  hindrance. 
Therefore  some  of  the  smaller  globules  near  to  the  surface  reach  it  as 
quickly  as  many  larger  ones  which  start  from  lower  points,  and  the 
earliest  cream  does  not  consist  only  of  the  largest  globules,  though 
these  are  most  numerous  in  it,  and  the  average  size  is  high. 

The  combined  results  of  these  conditions  is  that  the  globules  require 
from  half-an-hour  to  forty-eight  hours  to  rise  as  completely  as  they  can 
in  an  ordinary  vessel  at  air  temperature.  Some  milks  with  large 
globules  begin  to  show  cream  within  the  time  first  named,  and  in  six 
hours  have  cast  up  two-thirds  of  their  whole  fats  ; while  others,  under 
similar  management,  have  yielded  less  than  half  that  proportion 
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The  speed  of  creaming  can  be  observed  by  the  use  of  glass 
cream-tubes  (Fig.  io),  which  are  graduated  to  show  the  percentage  of 
cream  which  has  risen  at  any  time.  With 
these,  too,  simple  experiments  can  be  made, 
testing  and  illustrating  the  principles  here  laid 
down.  The  globules  can  be  caused  to  rise 
through  water  from  milk  introduced  below,  and 
the  cream  which  collects  is  like  that  ordinarily 
found  on  milk,  which  would  not  be  the  case  if 
the  fats  were  free. 

Variations  of  temperature  not  only  affect  milk 
as  a whole,  but  even  more  strikingly  its  two 
divisions  of  globules  and  plasma.  Water  is  a 
good  conductor  of  heat,  and  the  plasma  re- 
sponds to  its  action  by  expanding,  or  contracts 
under  the  action  of  cold,  with  all  readiness. 

Not  so  the  globules.  Whatever  may  be  the 
character  of  fats  as  conductors  of  heat,  the 
main  reason  for  the  slow  response  of  the 
globules  to  its  influence  and  that  of  cold,  lies 
in  the  restriction  of  the  envelopes,  which 
hinder  those  influences  from  reaching  the  fats, 
and  these,  therefore,  from  expanding  or  contracting  as  much  as  they 
naturally  would  in  a free  state  ; so  the  density  of  the  plasma  may 
be  increased  or  decreased  out  of  proportion  to  that  of  the  globules, 
and  the  difference  originally  existing  between  them  be  widened  or 
narrowed  thereby,  with  a more  rapid  or  a slower  rising  of  the  globules 
in  consequence.  To  put  the  matter  in  another  form  : the  globules,  by 
reason  of  their  materials  and  construction,  need  a longer  exposure  to 
the  influence  of  heat  or  cold  to  bring  about  an  expansion  or  con- 
traction equal  in  proportion  to  that  of  the  plasma. 

Let  this  principle  be  considered  as  applied  under  various  condi- 
tions. Heat  causes  both  globules  and  plasma  to  grow  lighter,  but  the 
plasma  is  so  much  earlier  affected  that  it  approaches  nearer  to  the 
globules  in  density ; and  as  long  as  the  temperature  then  reached  is 
simply  maintained,  the  density  of  the  plasma  becomes  fixed  (apart 
from  the  influence  of  evaporation,  which  need  not  be  considered  in 
this  immediate  connection,  and  which  is  very  little  at  any  time).  The 
globules,  as  they  were  last  to  respond  to  the  heat,  now  continue  to 
expand  under  its  influence  as  maintained  ; and,  becoming  lighter  in 
proportion  to  the  plasma,  quicken  their  pace  until  all  possible  advan- 
tage has  been  gained,  and  they  have  resumed  the  relations  with  the 
plasma  which  existed  before  heat  was  applied.  Cold  has  a precisely 
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opposite  effect.  With  a falling  temperature  the  respective  densities 
of  the  globules  and  plasma  both  increase  ; but  that  of  the  latter  so 
much  more  rapidly  than  that  of  the  former,  that  the  difference 
between  them  is  increased,  and  a quicker  rising  of  the  globules  takes 
place.  But  when  the  temperature  is  fixed  at  some  low  point  and 
steadily  kept  there,  the  plasma  ceases  to  contract,  and  has  a constant 
density  according  to  the  temperature  ; while  the  globules  continue  to 
contract,  and,  coming  nearer  in  density  to  the  plasma,  ascend  more 
slowly. 

This  view  of  the  case  is,  however,  imperfect,  because  it  does  not 
take  in  all  conditions.  When  heat  is  conveyed  from  some  source 
which  does  not  admit  of  its  being  equally  shared  by  all  parts  of  the 
milk  at  one  time,  currents  are  set  up,  which  greatly  interfere  with  the 
regularity  of  the  rule  of  “slow  rising  with  a rising  temperature.”  If 
the  source  of  heat,  for  instance,  is  below  the  vessel  containing  the 
milk,  the  lower  parts  of  the  milk  are  first  warmed  and  begin  to  rise, 
the  colder  upper  parts  descending.  The  globules  are  probably  carried 
downwards  by  the  falling  currents  to  some  extent,  especially  the 
smaller  ones,  but  not  to  anything  like  the  same  extent  as  they  are 
carried  upwards  by  the  ascending  currents  ; for  their  own  tendency  is 
to  rise,  and  the  falling  currents  have  to  overcome  this,  while  it  is  in 
entire  accord  with  the  tendency  of  the  ascending  currents.  It  there- 
fore follows  that,  with  a rising  temperature  brought  about  by  heat 
from  beneath,  all  the  loss  of  speed  caused  by  the  nearer  approach  of 
the  densities,  may  be  counterbalanced  by  the  influence  of  the  helpful 
rising  currents,  and  possibly  even  better  results  may  be  obtained  than 
with  a fixed  air  temperature.  If  however  the  vessel  be  surrounded 
by  hot  water,  so  that  the  heat  reaches  the  upper  parts  of  the  milk 
nearly  as  quickly  as  the  lower  parts,  it  is  plain  that  very  little  if 
any  help  would  be  given  to  the  creaming. 

The  reversal  of  the  process,  by  cooling  the  milk  from  above, 
will  give  similar  results,  if  the  cold  is  as  directly  applied,  and  of 
equal  intensity  to  the  heat  in  the  other  case.  Downward  currents 
create  the  necessity  for  corresponding  upward  ones  ; and  these,  of 
course,  are  as  helpful  as  those  caused  by  heat.  These  currents,  if  not 
of  the  gentlest,  would  doubtless  do  more  harm  than  good,  and 
creaming  would  be  imperfect,  because  of  their  disturbance  of  the 
globules  which  had  risen,  and  their  tendency  to  drag  down  the 
smaller  ones  ; but  if  slow,  they  would  leave  the  deepening  layer  of 
cream  in  its  place,  besides  adding  to  it. 

Heat  and  cold  also  affect  the  condition  of  the  albuminoids  ; 
the  viscosity  caused  by  which  is  slightly  and  proportionately  reduced 
by  the  former,  and  increased  by  the  latter.  But  whatever  advantage 
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is  gained  in  this  way  by  the  use  of  heat,  the  disadvantage  of  fibrin 
formation  must  be  put  against  it  ; while  cold,  by  hindering  it,  gives 
the  falling  temperature  help  as  a set-off  to  the  increased  natural 
viscosity. 

The  quantity  of  cream,  by  measure,  is  dependent  on  (a)  the 
size  of  the  globules,  (b)  the  temperature  under  which  creaming  is 
carried  on,  ( c ) the  depth  of  the  milk,  and  (d)  the  surface  exposed  to 
the  air.  (a.)  The  larger  the  globules,  the  higher  they  rise,  and  the 
nearer  they  crowd  together  ; so  making  a thicker  cream,  (b.)  The 
higher  the  temperature  the  narrower  is  the  cream  layer,  the  lighter 
density  of  the  plasma  offering  less  resistance  to  the  approach  of  the 
globules  towards  each  other ; on  the  other  hand,  the  lower  the 
temperature  the  deeper  the  cream,  because  of  the  resistance  which 
the  greater  density  gives  to  the  gathering  of  the  fats.  ( c .)  A deep 
body  of  milk  gives  a thinner,  and  therefore  a deeper,  layer  of  cream  in 
proportion  to  itself,  than  a similar  quantity  in  a shallow  vessel.  And 
(d)  evaporation,  which  is  according  to  the  surface  of  milk  exposed, 
causes  a greater  loss  of  water  from  between  the  topmost  globules  on  a 
shallow  body  with  a large  surface,  than  from  a similar  quantity  set 
deep  with  a smaller  surface. 

Milk  is,  of  course,  subject  to  the  laws  of  density  before  it 
leaves  the  cow,  and  we  accordingly  find  that  the  “fore  milk”  (first 
drawn)  and  the  “ strippings  ” (last  drawn)  differ  greatly  in  their  pro- 
portions of  fat ; the  latter  having  most,  because  the  globules  have 
remained  nearest  to  the  surface  of  the  stored  milk.  The  globules  of 
the  fore  milk  are  mainly  small  ones,  the  largest  being  found  in 
increasing  numbers  as  the  removal  approaches  completion.  The 
stripping  has  five  or  six  times  more  fat  in  it  than  the  first  pint  of 
fore  milk.  The  sugar  is  equally  distributed  throughout,  but  the 
albuminoids  are  in  slightly  larger  proportions  in  the  first  than  in  the 
last  milk. 

The  boiling-point  of  milk  is  practically  the  same  as  that  of 
water,  and  its  freezing-point  is  30°  F.  The  colour  of  milk  is  due  in 
part  to  its  fats,  and  in  part  to  its  casein,  the  whiteness  belonging  to 
the  casein,  which  is  more  or  less  tinged  with  yellow  by  the  fat  in  the 
globules.  If  the  cream  is  removed,  the  plasma  is  found  to  have  less 
colour,  while  the  cream  itself  will  appear  slightly  more  yellow  ; but  if 
the  fat  alone  is  taken,  the  remainder  has  a sharper  whiteness  than 
whole  milk.  The  opacity , or  non-transparency,  of  milk  (which  is 
only  partial,  for  objects  can  be  seen  through  narrow  layers  of  it)  also 
arises  from  the  presence  of  the  same  constituents,  and  depends  for  its 
degree  on  their  proportions. 


CHAPTER  IV. 


CHEMISTR  Y OF  MILK. 

Constituents  of  Milk. — These  are  found  to  show  differences 
of  proportion  in  different  examples,  due  to  the  influence  of  the 
breed  and  individuality  of  the  cow,  and  her  health,  feeding,  and 
management. 

There  is  no  small  difficulty  in  fixing  upon  a general  average,  but 
the  composition  given  in  the  middle  column  below,  which  has  been 
prepared  from  many  sources,  is  very  near  to  the  desired  accuracy. 
The  highest  and  lowest  proportions  of  the  constituents,  as  found  in 
very  exceptional  cases,  are  given  in  the  other  columns. 


Maximum. 

Average. 

Minimum. 

Water 

90.00 

87.60 

79-00 

Fat  - 

12.00 

3-25 

I.80 

Albumin  - 

.70 

•45 

•30 

Casein 

5.00 

3-40 

3.00 

Sugar- 

5-50 

4-55 

3-30 

Ash  - 

•85 

•75 

.70 

100.00 


The  average  above  shows  more  water,  and  less  solid  matter,  than  is 
usually  given  by  writers  on  dairying,  but  there  is  good  reason  to 
believe  that  the  quality  of  milk  is  commonly  overstated. 

Milk  submitted  to  analysis  may  be  divided  into  three  classes — 
(a)  milks  which  are  exceptionally  poor,  and  which  come  into  the 
hands  of  the  public  analyst  under  suspicion  of  having  been  robbed  of 
fat  or  adulterated  with  water  ; (/;)  milks  which  are  remarkably  rich, 
analysed  for  special  private  or  trade  purposes  ; and  (c)  milks  which 
are  received  by  the  leading  milk-dealing  firms  in  cities,  and  examined 
by  their  chemists  for  their  own  protection. 

Neither  of  these  can  give  a general  average,  they  having  reference 
to  exceptional  experiences  ; for  even  in  the  last  case,  stringent  con- 
tracts, and  the  constant  testing  of  milk  received,  ensure  a higher  average 
than  is  common  to  the  country  at  large.  The  same  objection  may  be 
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taken  to  the  milking  trials  of  the  British  Dairy  Farmers’  Association, 
in  which  only  cows  specially  selected  for  the  quality  as  well  as  the 
quantity  of  their  milks  are  entered,  and  in  which  special  breeds  are 
out  of  all  proportion  to  the  common  classes  of  milking  cattle. 
Important  confirmation  of  our  average  is  found  in  the  yields  of  butter 
and  cheese  common  in  our  dairy  districts,  which  show  a milk  quality 
lower  than  we  have  given,  requiring  the  better  records  to  be  set 
against  them  in  order  to  our  result. 

The  relative  proportions  of  the  various  constituents  are  not  subject 
to  any  absolute  rule  ; and  the  statement  that  all  the  “solids  not  fat” 
are  constant  in  their  relations,  is  very  misleading.  The  fat  varies 
much  more  than  the  other  solids  ; but  these  vary  also,  and  enough  to 
make  serious  differences  in  the  processes  of  manufacture  and  their 
products.  It  will  be  observed  that  the  downward  limit,  in  each  case, 
is  nearer  to  the  average  than  is  the  upward  limit ; i.e.,  the  range  of 
improvement  is  wider  than  that  of  impoverishment.  This  for  the 
advantage  of  the  calf.  The  constituents  may  now  be  considered 
separately. 

Fat. — The  butter  of  milk  consists  of  nine  fats,  which  may  be 
classed  as  follows,  viz. : — 

(Butyrin. 

Caproin. 

Capryllin. 

Caprin. 

Myricin. 

Palmitin,  stearin,  and  olein  have  been  already  described.  Myristin, 
of  which  traces  are  found,  is  also  known  in  nut- 
meg butter.  It  is  built  up  on  similar  lines  to  the  others  of  its 
class. 

The  volatile  fats,  with  one  exception,  are  constituted  like  the  fixed 
fats,  but  differ  from  these  physically  in  a striking  degree.  They  are 
so  called  because  they  can  be  dissipated  by  heat.  They  are  also  more 
easily  decomposed  than  the  fixed  fats,  and  some  of  them  are  soluble 
in  water.  If  a volatile  fat  is  dropped  on  paper  and  heated  it  will 
disappear,  while  a fixed  fat  will  remain  even  when  the  paper  is 
charred.  This  class  includes  the  “essential  oils”  of  plants,  from 
which,  as  found  in  new  milk,  they  are  derived,  at  least  in  part,  though 
it  is  believed  that  they  are  also  produced  by  the  cells  from  other  blood 
constituents.  Their  proportions  in  milk  are  by  no  means  certain,  and 
probably  vary  much  ; but  they  are  much  more  influential  than  the 
fixed  fats  in  affecting  the  flavours  of  dairy  produce. 


Fixed 


[Solid— 
Palmitin. 
Stearin. 
Myristin. 
Liquid — 
Olein, 
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The  chief  fat  of  this  class  is  butyrin.  Its  acid  has  two  forms  in 
nature — the  normal, C,H7COOH, and  the  iso-butyric,  C(CH:,).,HCOOH. 
These,  though  containing  like  numbers  of  their  several  elements,  have 
them  grouped  in  different  physical  relations,  and  the  former  is  much 
more  pungent  than  the  latter,  which  is  probably  the  form  found  in 
plants,  as  in  the  parsnip,  and  the  locust  bean  now  so  much  used  in 
mixed  cattle  foods.  The  proportion  of  butyrin  has  been  estimated 
at  from  3^  to  4^  per  cent,  of  the  total  fats,  but  there  is  no  constant 
rule. 

Caproin,  capryllin,  and  caprin  are  akin  to  butyrin,  but  not  so 
soluble  in  water.  Human  sweat  contains  normal  caproic  acid,  which 
is  there  a waste  product  of  the  system.  Myricin  is  found  in  beeswax, 
being  that  part  of  it  which  boiling  alcohol  will  not  dissolve.  It  is 
differently  constituted  from  the  rest. 

These  fats,  all  of  them  sometimes,  and  most  of  them  always,  pre- 
sent in  milk,  are  so  blended  as  not  to  be  distinguished  ; but  if  butter 
in  a linen  bag  of  close  texture,  be  put  under  heavy  pressure,  the  olein 
and  volatile  fats  will  separate  as  a fine  yellow  oil  and  leave  behind 
the  solid  white  fats.  The  relative  proportions  of  these  three  kinds 
vary  according  to  the  feeding  of  the  cows  ; the  liquid  increasing  with 
succulent  foods,  such  as  grasses,  forage  crops,  and  silage  ; and  the 
solid  with  drier  foods,  hay,  cakes,  &c.  It  has  been  a custom  to  state 
these  variations  as  arising  out  of  the  seasons,  but  in  this  age  of  winter 
silage  feeding,  it  no  longer  follows  that  the  solid  fats  will  be  high  at 
that  time  of  the  year.  Estimating  the  volatile  fats  at  5 per  cent.,  the 
general  proportions  of  the  whole,  as  in  pure,  dry,  unsalted  butter,  may 
be  stated  as  below,  that  being  the  average  of  the  best  available 
analyses  : — 

Solid  fat  - - - - - 60  per  cent. 

Liquid  - - - - - 35  >> 

Volatile  - - - - 5 >> 


The  average  melting-point  of  butter  is  970  F.,  varying  above  and 
below  this  point  according  to  the  proportions  of  the  different  fats. 
Such,  however,  is  the  influence  of  olein,  in  proportion  to  its  amount, 
that  it  keeps  the  solid  fats  in  a semi-liquid  state  in  the  globules  of 
milk  ; and  these,  sheltered  by  their  envelopes  from  the  immediate 
consequences  of  changes  of  temperature,  retain  that  condition  under 
ordinary  circumstances  until  released. 

Albumin. — This  constituent  is  the  albumin  of  blood  plasma,  some- 
what changed  in  physical  character.  If  found  in  larger  proportion 
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C 53-5 
II  7.0 
O 22.4 
N 15-5 
S 1.6 

100.0 


than  .50  of  1 per  cent.,  the  excess  is  probably  due  to  unnatural  cell 

action.  Its  composition  is  as  follows,  viz.  : — 

It  is  colloid,  and  may  be  obtained  by  dialysis,  and 
by  ordinary  analytical  methods.  By  the  former,  a 
transparent  substance  of  yellow  colour  is  found  ; by 
the  latter,  a solid  in  flakes,  brittle,  odourless,  and 
tasteless.  In  its  ordinary  milk  form  it  coagulates 
at  163°  F.,  forming  a scum  on  the  surface  in  which 
some  of  the  fat  globules  are  entangled.  From  the 
serum  of  casein  coagulation  it  rises  in  flakes  at  the 
same  temperature. 

Casein,  when  separated,  is  yellow  and  transparent,  and  readily 
absorbs  moisture,  which  causes  it  to  swell.  Its  composition  is  as 
follows,  viz.  : — 

After  separation  it  is  easily  rediffused  (some  say 
dissolved)  in  an  alkaline  solution.  Although  it  is 
so  much  like  albumin,  it  differs  from  it  radically  in 
behaviour,  for  while  heat  coagulates  the  latter, 
casein  does  not  respond  to  heat.  On  the  other 
hand,  casein  is  coagulated  by  acids,  and  animal  and 
vegetable  juices  of  several  kinds,  to  which  in  its 
turn  albumin  does  not  respond.  Further,  the 
physical  forms  of  this  substance  vary  according  to 
the  cause  of  coagulation.  The  coagulants  include 
the  gastric  juice  of  digestion,  which  produces  a coagulum  or  “ curd” 
different  in  certain  important  respects  from  those  produced  by  the 
others.  The  coagulum  of  an  acid  has  less  cohesion,  and  of  a different 
kind,  to  say  nothing  of  the  after-variations  in  result.  Some  plants,  as 
the  common  nettle,  give  out  juices  which  coagulate  casein.  It  was 
formerly  believed,  and  is  still  asserted  by  some  writers,  that  the  casein 
is  held  in  solution  by  free  Na20  which  might  be  neutralised  by  an 
acid,  so  making  coagulation  possible,  but  the  late  Dr  Voelcker  reported 
the  coagulation  of  alkaline  milk  with  a whey  having  a like  reaction. 
Sundry  experiences  of  later  date  confirm  his  position.  Certain  ash  con- 
stituents are  now  known  to  affect  the  character  of  coagulation,  but  the 
“free  soda”  theory  cannot  be  maintained.  Nuclein,  Cj2H4uO;>..!NnP5, 
can  be  separated  and  coagulated,  when  it  forms  an  opaque  jelly-like 
body,  diffusible  to  some  extent  in  water,  and  readily  in  an  alkaline 
solution.  It  coagulates  in  company  with  casein,  and  is,  for  that 
reason,  generally  included  with  it  in  statements  of  milk  composition, 
in  which  it  forms  about  a twelfth  part  of  the  casein  stated. 

A peptone  called  Albuminose  is  found  in  milk  in  uncertain  propor- 
tions, and  probably  a remainder  of  peptone  unchanged  by  the  cells  of 


C 53-57 
H 7-i4 
O 22.03 

N 15.41 
S 1. 11 
P -At 

100.00 
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the  intestine  and  udder.  As  separated  it  differs  only  from  the  other 
albuminoids  of  milk  by  being  white.  It  is  associated  with  a colouring 
substance  called  Lacto- chrome.  This  is  probably  derived  from  the 

hcematin  of  the  blood,  is  of  resinous  character,  of  a bright  orange 
colour,  and  soluble  in  water.  This  causes  the  colour  of  butter  and  of 
whey.  It  is  in  very  small  proportion,  and  varies  much  in  that 
respect  according  to  the  action  of  the  alveolus  cells. 

Milk  Sugar — lactin  or  lactose,  C^H^OnHoO — differs  from  cane 
sugar  only  by  the  extra  molecule  of  H,0,  as  here  stated,  but  has 
striking  physical  differences.  It  can  be  obtained  from  whey  in  colour- 
less crystals,  which  are  hard,  do  not  readily  absorb  moisture,  and  are 
of  low  sweetening  power. 

Ash. — The  constituents  collectively  so  termed  came  originally  from 
the  soil.  They  include  the  metals  K,  Na,  Ca,  Mg,  and  Fe,  with  the 
non-metal  P,  which  are  separated  by  the  analyst,  and  estimated  in 
combination  with  O as  oxides  ; and  Cl,  which  is  combined  with  Na 
and  K as  NaCl  (common  salt)  and  KC1  (chlorides).  Their  proportions 
in  these  forms  are  as  follows,  viz.  : — 

In  milk,  however,  these  are  mainly  in 
other  combinations  with  each  other,  and 
with  organic  constituents.  In  the  conver- 
sion of  blood  materials  into  those  of  milk, 


In  proportion  to 
Milk. 


Cl 

PA 

CaO 

K,0 

Na,0 

MgO 

Fe.,0;l 


Ash. 

16.34 

28.31 

27.00 

17-34 

10.00 
4.07 

.62 


.122 

.212 

.200 

.129 

.076 

.030 

.004 


103.68 
O of  oxides  3.68 


100.00 


certain  remainders  are  left — e.g.,  the  N 
and  S of  albuminoids  converted  into  fats- 
The  N in  this  case  combines  with  re- 
mainders of  C,  H,  and  O to  form  Urea, 
CH4N0O  ; Creatin , C4H9N30  ; and  Crea- 
tinin,  C4H7N30  — all  products  of  the 
.773  natural  operations  referred  to.  These 
.023  having  no  means  of  removal  in  the  udder 

are  found  in  milk,  though,  unless  in  cases 

•75°  of  disease,  in  very  minute  quantities.  The 
S joins  with  O to  form  S03,  and  this  again 
with  K,0  to  produce  K,S04,  while  remainders  of  C and  O form  CO,, 
and,  with  H,  citric  acid— C6H807 — a soluble  acid,  known  in  the 
lemon,  and  which  is  supposed  to  exist  in  milk,  with  K,  as  a neutral  salt. 
The  P,05  of  the  table  forms  phosphates  with  the  calcic,  magnesic, 
and  ferric  oxides,  the  first-named  giving  the  important  result  3CaO  + 
p,05  = Ca32P04,  or  tribasic  calcic  phosphate,  which,  by  reason  of 
its  larger  proportion  of  the  metallic  base,  exercises  a great  influence 
on  the  conditions  and  character  of  casein  coagulation.  Gastric  juice 
cannot  coagulate  casein  in  the  absence  of  calcic  salts  ; a deficiency 
gives  defective  results,  as  also  does  an  excess,  which  brings  the  casein 
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nearer  to  the  soluble  state.  The  influence  of  the  other  phosphates  is 
not  fully  known  as  yet.  In  addition  to  these,  traces  of  F are  found, 
which  is  a constituent  of  the  teeth  of  animals  and  is  therefore  con- 


^ ^ co  ^ 

sidered  to  be  necessary  to  a perfect  milk,  but  its  relations  with  other 
elements  is  not  certainly  known. 

Gases,- As  a consequence  of  the  decomposition  of  blood  materials 
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and  only  the  partial  recombination  of  their  elements,  there  remain 
three  gases  in  a free  state — viz.,  N,  O,  and  C02 — estimated  at  from  .1 
to  .3  per  cent,  of  newly-drawn  milk.  The  N is  in  by  far  the  largest 
quantity,  about  fths  of  the  whole,  as  shown  by  analysis,  the  O about 
ith,  and  the  CO.,  covering  the  balance.  It  is  useless  to  attempt 
any  definite  figures,  because  the  causes  of  their  presence  are  con- 
tinually varying  ; and  as  they  are  soon  lost  to  the  milk,  they  are  not 
of  great  consequence. 

The  presence  of  alkaline  substances  gives  to  new  milk  a reaction 
of  the  same  kind,  while  the  C02  originally  in  it,  with  some  probably 
absorbed  by  it  during  milking,  and  acid  phosphates — if  such  are  pre- 
sent,— give  it  an  acid  reaction.  This  makes  the  milk  both  alkaline  and 
acid  at  the  same  time,  and  this  double  character  is  called  the  ampho- 
teric reaction.  This  tends  to  mislead  the  dairyer  when  testing  such 
milk  for  condition.  The  alkalinity  of  new  milk  is  increased  by 
heating,  because  the  C02  is  driven  off. 

Finally,  there  is  the  oil  of  milk , a volatile  essence,  which  can  be 
dissolved  out  with  ether,  and  is  believed  to  be  the  cause  of  the  natural 
odour  of  new  milk. 

Such,  then,  is  milk  as  given  by  the  cow.  In  the  accompanying 
diagram  the  original  elements  are  displayed  in  line  2,  and  from  these 
a series  of  lines  lead  to  the  secondary  combinations  in  line  3,  and  the 
final  ones  in  lines  1 and  4. 


CHAPTER  V. 


INFLUENCE  ON  MILK  OF  THE  BREED  AND 
INDIVIDUALITY  OF  THE  COW. 

Terms  Defined. — “Breed”  and  “individuality”  must  first  be  de- 
fined. The  former  includes  whatever  is  common  to  the  breed  as 
a whole,  the  latter  those  characteristics  in  the  cow  or  her  milk  in 
which  she  varies  from  the  breed  standard.  The  one  tends  to  a common 
level,  the  other  to  variation  ; the  one  is  inherited  from  past  generations, 
the  other  is  the  result  of  special  influences  fixing  the  tendency  and 
character  of  the  one  animal.  These  two  influences  reach  and  affect 
milk  by  the  following  channels,  viz.  : — 

(a.)  By  the  digestion  and  blood  formation,  which  are  ruled  by  the 
vigour  and  health  of  the  cow,  these  in  turn  being  inherited  and 
influenced  by  personal  conditions. 

(, b .)  By  the  relative  provision  and  tendency  on  the  one  hand  to 
build  up  the  body,  and  on  the  other  to  secrete  milk.  These  are  ruled 
by  the  breeding,  and  the  greatest  milkers  are  the  products  of  breeding 
for  milk.  Either  of  these  capabilities  can  be  cultivated  in  the  one 
case  to  beef-making,  in  the  other  to  milk-making.-  In  the  latter  case, 
the  tendency  is  to  width  and  depth  of  the  hind  part  of  the  animal,  to 
size  of  udder,  and  a relative  number  of  alveoli  and  milk-forming  cells  ; 
and  where  the  individual  constitution  is  equal  to  the  task  the  pro- 
vision is  complete. 

( c .)  The  milk-secreting  cells  also  touch  milk  in  certain  special 
respects,  regulating  the  colour,  and,  in  some  degree,  the  proportions 
of  the  constituents. 

Breeds  Compared. — In  the  light  of  the  foregoing  facts,  the  various 
breeds  may  now  be  considered  and  compared.  They  may  be  con- 
veniently divided  into  two  classes  : — 

I.  Breeds  which  give  large  yields  of  average  milk,  and  are  there- 
fore suitable  for  the  cheese  dairy. 

The  Shorthorn,  when  brdd  for  milk,  holds  a high  place  in  this  class. 
The  average  yield  is  about  400  gallons,  but  the  range  reaches  1000 
gallons  and  upwards  with  special  individuals,  The  quality  is  usually 
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good,  the  globules  comparatively  small,  and  the  average  colour  of  the 
fat  medium. 

The  Ayrshires,  in  comparison  with  Shorthorns  as  a whole,  are  better 
cattle  for  our  special  purpose.  The  general  quality  of  the  milk  is  not 
higher,  but  the  casein  is  in  higher  proportion,  and  the  globules  are 
consequently  smaller  and  easier  kept  from  rising,  The  milk  is  there- 
fore well  fitted  for  cheese-making,  and  correspondingly  unsuited  to 
the  butter  dairy. 

In  this  class  must  also  be  reckoned  the  great  body  of  cattle  of 
mixed  blood,  found  all  through  our  cheese-making  districts.  Their 
yields,  and  the  quality  of  their  milks,  make  them  in  many  cases  profit- 
able, but  in  far  more  they  are  altogether  unprofitable. 

II.  Breeds  which  give  milks  richer  in  fat  than  those  of  Class  I., 
and  are  therefore  fit  for  the  butter  dairy. 

The  Channel  Islands  cattle,  bred  first  in  the  islands  of  Jersey, 
Guernsey,  and  Alderney,  and  called  by  these  names  for  distinction. 
Though  differing  in  build  and  colour  somewhat,  they  have  all  a common 
type,  and  give  milk  of  the  highest  quality,  the  fat  being  in  large 
globules,  its  colour  high,  owing  to  the  special  secretion  of  lactochrome 
by  the  cells,  and  the  texture  and  body  of  the  butter  being  better  than 
that  of  other  breeds  under  equal  management.  The  creaming  and 
making  of  the  butter  is  brought  about  in  a time  proportionate  to  the 
size  of  the  globules. 

The  Devons  are  associated  with  the  production  of  the  famous 
“ Clotted  Cream,”  for  which  a milk  of  extra  quality  is  required  ; and 
though  the  fat  proportion  is  much  lower  than  that  of  the  Channel 
Islanders,  it  is  higher  than  those  of  Class  I.,  and  the  globules  are 
somewhat  larger.  The  fat  is  of  medium  colour. 

The  Kerry  and  Dexter-Kerry  breeds  are  very  small,  but  give  a 
good  supply  of  milk,  equal  to  that  of  the  Devons  in  quality  and  speed 
of  creaming,  but  yielding  a pale  butter. 

The  Welsh  cattle  of  the  southern  type  are  also  small,  but  closely 
follow  the  Kerries  when  bred  for  the  purpose. 

The  other  breeds  are  mainly  bred  for  beef,  and  dairying  is  a 
secondary  consideration  ; although,  as  the  milk  must  be  dealt  with,  its 
quality  in  such  cases  generally  makes  it  more  fit  for  butter  than  for 
cheese.  Where  the  making  of  either  product  is  the  chief  business  of 
the  stock-owner,  it  is  most  profitable  to  choose  the  breed  which  gives 
the  largest  returns,  and  is  in  other  respects  suitable  to  the  occasion. 


CHAPTER  VI. 


INFLUENCE  ON  MILK  OF  SEASON  AND  OF  THE 
FEEDING  AND  MANAGEMENT  OF  THE  COW. 

Personal  Conditions.— The  share  of  the  cow’s  personality  in 
determining  her  yield  of  milk  and  its  character,  only  is  superior  to 
that  of  her  food  and  conditions  of  health,  age,  and  season.  Among 
these  influences,  those  which  are  most  intimately  connected  with  the 
animal  herself  shall  have  first  attention. 

The  milk  given  by  the  cow  for  a few  days  after  the  birth  of  a calf 
differs  greatly  from  her  ordinary  secretion.  The  old  cells  of  the  alveoli 
are  cast  out  of  their  positions  to  make  room  for  new  cells,  and  occupy 
the  interiors  of  the  cavities  until  calving  takes  place.  Then  they 
are  carried  down  with  the  milk  secreted,  and  appear  in  it  as  clots  ; 
noticeable  at  first,  and  imparting  a thickness  and  yellow  colour,  but 
growing  daily  less,  until  they  disappear  altogether,  and  the  milk  reaches 
its  normal  condition. 

During  that  period  it  is  called  colostrum , or  beastings,  and  in  Fig. 
12  its  appearance  under  the  micro- 
scope is  shown.  The  clots  are  of 
just  the  character  which  would 
suggest  the  conclusion  that  they 
are  the  displaced  alveolus  cells. 

They  contain  albuminoids  in  a 
granular  condition  — the  nuclei 
being  still  seen  in  most  of  them, 
and  fat  enclosed  in  some  as  if  they 
had  ceased  to  be  active  while 
actually  engaged  in  transforming 
the  fats  or  proteids  of  the  blood 
into  the  fats  of  milk.  It  is  not 
quite  possible  to  conceive  fully  of 
the  conditions  under  which  these 
cells  exist  after  their  displacement, 
but  it  is  highly  probable  that  a breaking  down  of  their  structure  takes 
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place  to  some  extent,  and  that  some  of  the  new  fat  globules  adhere  to 
the  viscous  albuminoid  clots  even  before  leaving  the  udder. 

The  proportions  of  the  various  solids,  as  shown  in  the  first  flow, 
and  their  averages  for  the  whole  colostral  period,  are  as  follows: — 


Fat  - 

. 

First  Flow. 

8-5 

Average. 

4.0 

Albumin 

- 

- 

i5-5 

7-5 

Casein 

- 

- 

1 1.2 

7-3 

Sugar 

- 

- 

0.0 

3-o 

Ash  - 

- 

- 

3-3 

1.0 

38.5 

22.8 

The  extraordinary  maximum  quantity  of  albumin  (34  times  the  average) 
is  the  most  striking  item  in  the  first  column,  and  the  casein  (3J;  times 
the  average),  the  fat  (12J  times  the  average),  and  the  ash  (nearly  4! 
times  the'  average)  are  also  in  considerable  excess. 

These  figures  probably  represent  the  highest  upward  limits,  and 
the  constituents  rapidly  decrease  until  they  reach  the  natural  level. 
The  sugar  is  nearly,  or  quite,  absent  at  first,  but  very  soon  rises  to  its 
usual  proportion.  The  albuminoids  are  accounted  for  by  the  needs  of 
the  calf, — an  exceptionally  nutritious  milk  being  required  for  its  earliest 
days  of  independent  existence, — and  these  are,  in  all  probability, 
physically  different  in  some  degree  from  the  corresponding  constitu- 
ents in  ordinary  milk,  and  more  easily  digested.  The  gastric  juice  of 
the  calf  is  also  at  its  greatest  digestive  power  at  that  time,  so  that  the 
whole  benefit  derivable  from  its  food  may  be  secured.  The  loss  of  the 
sugar  cannot  be  so  easily  explained,  but  the  excess  of  fat  more  than 
compensates  for  it,  and  fully  meets  the  requirements  of  the  young 
animal  for  respiratory  foods.  Colostral  milk  also  exercises  a purgative 
action  in  the  intestines  of  the  calf,  and  clears  them  of  their  contents 
accumulated  before  birth — a matter  of  necessity  for  life  and  health. 
The  4 ilk  reaches  its  ordinary  composition  in  from  four  to  fourteen 
days,  the  time  depending  on  the  constitutional  tendencies  of  the  cow 
and  her  state  of  health.  During  that  time  it  is  entirely  unfit  for  use  in 
cheese-making.  Rennet  will  not  produce  a natural  coagulum  with  it, 
and  any  product  possible  would  be  liable  to  early  putrefactive  decom- 
position. It  is  therefore  necessar^that  the  cheese-maker  should 
avoid  the  use  of  any  milk  which  is  not  quite  free  from  this  character. 
In  the  butter-dairy  it  is  less  troublesome,  but  more  than  usual  diffi- 
culty will  arise  in  securing  a good  product.  It  is  therefore  best  to 
feed  it  to  the  calf,  thus  fulfilling  its  original  purpose,  until  all  danger 
for  dairy  purposes  is  past.  This  may  be  ascertained  by  heating  a 
small  quantity  to  163°  F.,  or  higher,  when  the  unusual  proportion  of 
albumin  manifests  itself  by  coagulating,  and  enclosing  within  its  curd 
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some  casein  and  globules,  just  as  the  casein  will  do  under  the  action  of 
rennet  and  acids ; though,  of  course,  the  result  will  differ  from  the 
ordinary  casein  coagulum.  With  the  reduction  of  albumin,  the 
coagulum  caused  by  heating  changes  until  the  milk  assumes  its 
ordinary  character  ; when  it  yields  but  the  usual  thin  scum,  it  may  be 
safely  used  in  the  dairy. 

At  the  beginning  of  the  milking  period  the  milk  will  be  at 
its  greatest  flow,  though  usually  of  its  poorest  quality.  Later,  the 
quantity  will  fall  off,  and  continue  to  do  so,  though  generally  with  some 
periods  of  slight  increase  or  steady  yield,  until  milking  ceases.  Just 
before  this  point  is  reached  changes  take  place  in  the  alveolus  cells, 
which  sometimes  render  the  last  milk  of  the  season  scarcely  less 
dangerous  in  the  dairy  than  average  after-birth  colostrum.  The 
quality  of  milk  should  improve  as  the  season  advances,  but  this  will 
be  to  a large  extent  dependent  on  the  conditions  yet  to  be  described 
as  affecting  the  health  and  milk  secretion  of  the  cow.  In  no  two 
seasons  will  the  milk  quality  run  on  parallel  lines,  but  the  natural 
tendency  is  to  increase  with  the  lapse  of  time.  In  the  earlier  part  of 
the  milking  period  the  fat  globules  are  at  their  largest  for  each 
animal.  As  the  season  progresses  the  casein  increases  its  proportion 
at  a greater  rate  than  the  fats,  and  the  globules  become  smaller,  the 
covering  by  the  envelopes  putting  a stop  to  the  gathering  process  at 
an  earlier  stage.  Creaming  by  setting  systems,  therefore,  takes 
longer,  but  this  is  an  advantage  to  the  cheese-maker,  because  less  fat 
is  lost  in  his  work  in  proportion  to  the  amount  present  in  the  milk. 

The  age  of  the  cow  will  also  affect  the  quantity  and  quality  of 
milk.  In  the  first  milking  seasons  she  is  usually  at  her  best  in  quality, 
but  with  the  passage  of  time  this  falls  somewhat,  while  the  quantity 
increases.  This  rule  is,  however,  subject  to  exceptions  arising  out  of 
variations  in  management.  The  general  tendency  is  determined  by 
the  vitality,  which  is  usually  greatest  in  young  animals,  but  which 
varies  so  much  with  feeding  and  other  conditions  as  to  give  a much 
wider  range  in  experience  than  is  suspected  by  most  stock-owners. 

Daily  Variations. — The  milk  drawn  in  the  morning  differs  from 
that  of  the  evening  in  yield  and  quality,  but  here,  even  more  than 
in  the  case  of  age,  no  dependable  rule  can  be  made.  The  variations 
among  cows  of  the  same  breed,  occupying  the  same  field  or  cow- 
house, and  fed  alike,  would  scarcely  be  credited  by  any  who  had 
not  fully  tested  them.  In  a large  number  of  cases  observed,  the 
morning  milk  was  in  the  largest  quantity  ; but  there  were  a few 
exceptions,  due  probably  to  local  or  temporary  causes.  The  solids 
were  highest  in  about  two-thirds  of  the  cases  in  the  evening’s  milk, 
and  in  the  remaining  one- third  were  in  greatest  proportion  in  the 
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morning’s  milk.  The  variations  ranged  from  .02  to  3.5  per  cent.,  both 
in  total  solids  and  fat  ; and  though  a considerable  part  of  the  increase 
or  decrease  was  in  the  fat,  its  variations  by  no  means  corresponded 
with  those  of  the  solids  as  a whole.  The  fat  was  in  greatest  quantity 
in  the  evening’s  milk  in  about  three-fourths  of  the  instances  referred  to. 

These  figures  serve  to  show  the  uncertainty  of  the  relative  quan- 
tity and  quality  of  the  milk  which  a cow  will,  give  under  constantly 
changing  conditions.  When,  however,  the  variations  are  reduced  to 
an  average  for  a herd,  the  daily  result  is  much  more  uniform  than  the 
foregoing  facts  would  suggest.  As  an  example,  eighteen  Shorthorns, 
in  comfortable  quarters,  and  subjected  as  nearly  as  might  be  to  the 
same  conditions  in  other  respects,  furnished  in  one  day  a range 
between  j lb.  and  12^  lbs.  in  variations  of  quantity,  and  from  0.2  to 
2.60  per  cent,  in  solids  ; but  the  average  was  only  5.4  lbs.  in  the 
former,  and  .66  per  cent,  in  the  latter  case. 

The  milks  of  different  days  from  the  same  cow  vary  also  in  both 
ways,  though  probably  with  a less  range  and  average  than  may  be 
noted  in  comparing  the  morning  and  evening  milkings.  Here,  again, 
the  range  and  average  of  a herd  is  below  those  of  some  individuals. 
The  analyses  of  large  buyers  do  not  bring  the  variations  to  light,  they 
are  lost  in  the  averages  of  mixed  milks.  Still  less  are  they  noticed  in 
the  farm  dairy,  where  the  falling  off  in  milk  quantity,  or  cheese  or 
butter  yield,  only  point  to  them  as  a whole.  Only  by  recording  the 
doings  of  each  cow  separately  can  they  be  correctly  estimated. 

These  variations  are  not  merely,  and  wholly,  inevitable  occurrences, 
which  must  be  borne  because  they  cannot  be  hindered.  They  are 
due  to  definite  causes  operating  with  more  or  less  of  effect  fir  all 
cases,  and  when  it  is  known  that  of  two  cows  under  similar  manage- 
ment one  makes  variations  from  two  to  ten  times  greater  than  the 
other,  it  is  necessary  to  inquire  into  the  reason.  The  facts  drive  us 
to  one  conclusion,  viz.,  that  while  common  conditions  changing  froni 
day  to  day,  or  from  morning  to  evening,  naturally  produce  common 
variations  in  the  quantity  and  quality  of  the  collected  milk  of  a herd  ; 
the  greater  variations  which  occur  in  the  milk  of  individual  cows  can 
only  be  explained  by  differences  between  the  animals  themselves,  one 
cow  being  better  able  than  another  to  resist  the  effects  of  such 
changes.  In  so  far  as  breed  touches  the  constitutional  vigour  of  a 
cow,  so  far  also  does  it  affect  the  present  question.  That  a delicate 
creature  like  the  average  Jersey  should  be  more  generally  affected  by 
changes  than  the  hardy  average  Kerry  cannot  be  disputed  ; and  if 
only  wide  ranges  of  variation  occurred  with  the  former,  and  only 
narrow  ones  were  found  with  the  latter,  it  would  be  easy  to  point  to 
breed-constitution  as  the  great  cause,  and  to  give  a proper  credit  to 


FEEDING  AND  MANAGEMENT  OF  THE  COW.  53 


the  hardiest  breeds  for  greater  uniformity  of  milk  yield  and  quality. 
But  when  such  disproportion  is  found  in  the  variations  of  every  breed, 
we  are  compelled  to  admit  that  the  personal  influence  lies  at  the  very 
foundation  of  the  matter,  and  to  attribute  to  individual  capacity, 
vitality,  and  health  the  power  to  determine  how  much  and  how  good 
milk  the  cow  shall  give  within  her  breed  possibilities. 

The  share  of  breed  in  fixing  these  characteristics  has  already  been 
discussed  ; it  now  remains  to  consider  that  of  feeding  and  manage- 
ment, these  including  all  the  points  which  are  more  or  less  within  the 
control  of  the  stock-owner.  These  exercise  a powerful  influence  on 
the  directly  controlling  forces  named,  and  therefore  through  them  on 
the  milk,  and  they  must  be  studied  carefully  with  a view  to  reducing 
the  losses  caused  by  changes  to  the  lowest  practicable  point. 

By  a treatment  which  will  secure  this  with  the  animals  most  easily 
affected,  those  possessing  the  greater  constitutional  resistance  to 
change  will  be  included,  with  the  advantages  of  greater  quantity, 
quality,  and  soundness  in  the  material  upon  which  the  dairyer  oper- 
ates. Each  distinct  condition,  with  its  appropriate  effects  on  the  cow 
and  her  milk,  will  be  dealt  with  as  it  arises  in  the  development  of 
facts,  to  anticipate  which  would  be  inconvenient. 

The  length  of  the  milking  season  is  also  subject  to  considerable 
variation.  One  cow  milks  well  up  to  her  calving,  another  ceases  to 
milk  several  months  before  that  event.  These  are  extremes,  of  course, 
the  common  experience  being  from  six  to  eight  weeks’  loss  of  milking. 
Here  the  same  conditions  rule  as  in  the  previous  cases,  for  an  animal 
which  is  able  to  continue  her  milk-giving  while  feeding  her  foetus 
must  needs  have  good  milking  powers  and  a strong  constitution. 
Such  a cow  must  be  more  than  usually  well  cared  for  during  the  time 
when  others  would  be  dry,  but  she  will  pay  for  it. 

The  tendency  to  dry  off  early  usually  goes  with  that  of  laying  on 
flesh,  and  the  better  milkers  are  less  troubled  with  it.  Years  of  the 
best  breeding,  feeding,  and  cultivation,  will  greatly  reduce  the  dry 
periods  in  any  good  milking  herd,  and  it  is  decidedly  a point  to  aim 
at,  but  no  great  improvement  is  immediately  possible. 

Feeding.— A cow  may  inherit  the  best  of  constitutions  and  milking 
capabilities,  but  the  value  of  these  will  depend  on  the.conditions  under 
which  she  exists.  Not  only  is  it  impossible  for  her  to  make  some- 
thing out  of  nothing,  but  her  profit  at  the  pail  will  be  in  proportion 
to  the  judgment  exercised  by  her  owner  in  those  matters  which 
directly  affect  her  yield  of  the  day  or  the  season.  Knowledge  and 
care  in  feeding  must  accompany  skill  in  breeding,  or  the  latter  will 
be  of  little  service.  A very  large  proportion  of  the  food  of  the  cow 
is  grown  on  the  farm,  and  of  this  again  no  small  share  is  consumed 
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in  the  growing  state,  or  as  green  fodder,  hay,  or  silage.  Other  foods, 
whether  home-grown  or  imported  on  to  the  farm,  properly  take  a 
second  place  in  the  inquiry. 

The  pastures  must  first  be  considered.  The  conditions  affecting 
these  having  been  already  described,  we  may  inquire  briefly  in 
what  ways  they  can  in  turn  affect  milk.  The  “land”  and  the 
“herbage”  are  commonly  blamed  for  most  failures  in  dairy  work, 
the  true  causes  of  which  are  either  unknown  or  inconvenient  to 
confess,  and  it  is  certain  that  their  influence  has  been  greatly 
exaggerated. 

The  soil  itself—  i.e.,  the  product  of  the  rock — can  only  reach  the  milk 
by  the  soluble  minerals  which  pass  into  it  by  way  of  the  food  and 
blood.  We  have  already  seen  that  the  calcic  phosphates  are  capable 
of  influencing  the  coagulation  of  the  casein  helpfully  or  injuriously 
according  to  the  proportion  present.  How  that  can  interfere  with  the 
success  of  practical  cheese-making  will  later  appear.  In  the  mean- 
time, we  may  understand  that  the  proportions  of  phosphate-forming 
materials  (P205  and  CaO)  vary  greatly  in  different  plants,  and  some- 
what even  in  the  same  plants  on  different  soils,  according  as  these 
soils  furnish  them  abundantly  or  in  lesser  quantities.  There  may 
be,  therefore,  an  unsuspected  excess  or  deficiency  of  Ca  salts  in  the 
milk  brought  from  any  pasture  or  from  the  hay  made  therefrom,  and 
other  foods — having  all  come  from  some  soil — may  exert  a similar 
influence  in  their  various  degrees.  Milks  so  affected  will  behave 
differently  in  manufacture,  and  the  subtle  quality  which  rules  its 
behaviour  may  be  properly  called  “ character.”  This,  then,  will  vary 
with  the  soil  ; and  it  may  be  readily  admitted,  that  wherever  the 
variations  are  not  recognised,  and  an  unchanging  line  of  practice  is 
blindly  followed  in  the  dairy,  inferior  and  irregular  results  will  follow. 
When,  however,  our  eyes  are  once  opened  to  the  facts,  and  we  are 
able  to  trace  the  influence  of  the  soil  on  milk  character,  it  is  but  a 
step  to  the  possession  of  the  knowledge  which  shall  enable  us  to 
conquer  the  difficulty,  as  we  shall  by-and-by  see  in  regard  to  the 
case  before  us.  What  the  influence  of  the  other  alkaline  salts  may 
be  is  not  yet  fully  known  ; but  so  far  as  can  be  judged  it  is  at  most 
small  in  comparison  with  that  of  the  calcic  phosphate,  and  covered 
in  the  dairy  by  simple  changes  in  details  of  management. 

When  we  turn  to  the  herbage,  we  find  other  sources  of  difficulty 
awaiting  us.  The  plants  which  may  be  considered  good  for  feeding 
cows  will  give  us  no  trouble  ; but  these  are  commonly  associated 
with  others  which  are  mischievous.  The  true  grasses  and  legu- 
minous plants  may  cause  changes  in  milk  quality  by  their  many 
mixtures,  proportions,  and  growth,  but  they  will  not  interfere  with 
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the  dairy  processes,  or  give  to  the  products  ill  qualities.  The 
miscellaneous  plants,  which  may  all  be  considered  weeds,  include 
some  which  are  dangerous  to  the  health  of  the  cow  ; others,  more 
numerous,  which  flavour  milk  undesirably  ; and  a few  which  colour 
milk,  or  produce  irregularities.  To  these  causes  of  mischief  must 
be  added  those  arising  from  plant-diseases  of  a fungoid  nature. 

Do  cows  eat  any  appreciable  proportion  of  such  plants  ? The 
occasions  known  may  be  few  in  which  the  mischief  is  recognised 
and  traced  to  some  particular  plant ; but  such  do  occur  often  enough 
to  make  the  matter  one  of  great  importance  ; and  we  believe  that 
a very  considerable  amount  of  harm  is  done  daily  by  such  weeds 
as  are  incapable  of  giving  a distinctly  bad  flavour  to  milk,  but  in 
their  many  kinds  combine  to  give  one  generally  inferior. 

What  is  the  cure?  Clean  pastures.  If  a weed  is  a pest  in  a 
cornfield,  it  is  a much  greater  one  in  the  case  before  us,  where  it  not 
only  takes  the  place  of  a better  plant,  and  hinders  the  superior  growths 
around  it,  but  actually  does  direct  damage  to  the  dairyer’s  goods. 
Weeds  are  the  natural  and  almost  inevitable  consequences  of  neglect. 
There  are  few  pastures  which  can  keep  sweet  and  free  from  such 
trouble  by  the  mere  force  of  natural  conditions.  Draining  and 
manuring  can  do  much  in  reducing  the  miscellaneous  plants  to  small 
numbers  and  the  more  innocent  kinds,  and  a constant  war  against 
them  should  be  maintained. 

Hay  includes,  in  a comparatively  dry  state,  whatever  grew  in  the 
field.  If  well  made  it  will  differ  mainly  in  the  lower  proportion  of 
moisture  and  digestibility.  Some  of  the  essential  oils  will  have  been 
lost,  but  the  making  process  will  have  given  the  food  a higher  flavour 
and  odour  than  the  growing  grasses  had.  It  must  be  noted  that  weeds 
are  as  harmful  in  hay  as  anywhere,  and  that  good  hay  can  only  be 
made  from  good  pasturage.  There  are  also  difficulties  special  to  the 
case.  When  heated  in  the  rick,  hay  suffers  the  loss  of  fats,  carbo- 
hydrates, and  proteids,  from  the  materials  of  which  acetic  acid, 
C.,H4Oa  (practically  vinegar)  ; acetic  aldehyde,  C.H.,0  ; ammonia 
and  other  such  substances  are  formed  in  sufficient  quantities  to  give 
characteristic  odours  and  flavours  to  milk 

Silage  is  a comparatively  new  form  of  cattle  food  in  this  country. 
On  account  of  its  value,  and  more  especially  because  of  its  peculiarities 
of  character  and  influence,  it  must  be  briefly  described.  It  consists 
of  green  plants  placed  in  a silo  or  pit,  or  in  a stack,  and  subjected  to 
pressure.  Fermentation,  which  raises  the  temperature,  determines  the 
kind  of  silage  which  will  be  made  ; above  120°  F.  the  result  is  sweet , 
and  below  that  point,  sour  silage,  with  more  pronounced  character  as 
the  temperature  rises  above,  or  falls  below',  that  level.  The  greater 
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digestibility  secured  is  heavily  discounted  by  the  tendency  to  injure 
milk,  which  has  led  some  large  firms  of  milk-buyers,  particularly  in 
the  condensed-milk  trade,  to  refuse  all  supplies  from  silage-fed  cattle. 
It  tends  to  increase  milk,  but  unless  well  made  from  the  best  materials 
it  will  reduce  the  quality,  and  if  badly  made,  should  not  be  used  for 
milking  stock  at  all. 

Cereals,  whether  fed  green,  in  the  ear,  or  fully  ripened,  as  threshed 
grain  or  straw,  are  valuable  in  their  various  ways,  and  under  proper 
conditions  only  affect  milk  by  their  variations  in  feeding  value. 

Certain  succulent  foods,  as  cabbage,  rape,  turnips,  swedes,  man- 
golds, carrots,  and  parsnips,  are  much  employed,  and  in  reasonable 
proportions  are  useful  as  foods,  but,  with  the  exception  of  the  two  last, 
affect  the  flavour  of  milk  and  its  products  in  some  degree,  and 
injuriously.  The  same  is  true  of  brewers’  grains  and  distillers’ 
refuse. 

Meals  and  cakes  of  various  kinds  are  much  used,  generally  with  more 
bulky  foods,  and  with  good  effect  on  the  quality  of  milk.  The  meals 
of  peas  and  beans  are  in  great  favour  with  some  feeders,  their  proteids 
being  in  high  proportion  (upwards  of  20  per  cent,  digestible) ; while 
maize  meal  is  used  for  its  fat  (ranging  from  4.5  to  5 per  cent.).  Either 
will  increase  the  quality  of  milk.  Linseed  meal,  within  narrow  limits, 
has  the  same  tendency  ; while  cotton  seed  and  palm  nut  meals  are 
both  coming  in,  being  credited  with  an  increase  of  butter  production  and 
an  improvement  of  its  flavour,  and  the  former  is  said  to  give  a larger 
proportion  of  solid  fat.  Gluten  meal,  on  the  other  hand,  is  reported 
to  increase  liquid  fat. 

By-products  of  the  mills,  such  as  bran  of  wheat,  &c.,  and  the 
cakes  made  when  pressing  oil  from  linseed  and  other  seeds,  are  in 
some  cases  good  for  milking  stock,  as  also  the  mixed  foods  specially 
sold  for  them  ; but  these  should  be  watched  for  their  influence  on 
the  flavours  of  the  final  products  in  all  cases  where  this  is  not  known, 
for  some  of  them  are  distinctly  mischievous.  Condiments  of  various 
kinds  are  used  to  excite  the  appetite,  and  have  some  food  value  of 
their  own.  If  they  do  not  give  unnatural  tastes  to  the  milk  they  are 
permissible.  But  they  are  being  recommended  to  make  inferior  foods 
more  appetising  ; and  when  these  latter  are  of  themselves  injurious, 
the  disguising  of  their  character  is  foolish.  Bad  hay  and  silage 
cannot  by  such  means  be  made  fit  for  feeding  ; and  the  supposed 
economy  of  spicing  them  is  really  a means  of  increasing  the  original 
loss.  The  supply  of  salt  in  blocks  which  the  cows  can  lick  when  they 
will  is  helpful  to  health  and  vigorous  digestion,  and  increases  the 
quality  of  milk,  thereby. 

An  occasional  but  troublesome  experience  in  the  dairy  is  in  some 
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cases  caused  by  changes  in  feeding.  It  is  known  as  sleepy  milk , the 
creaming  being  very  slow  and  imperfect.  This  must  not  be  con- 
founded with  sleepy  cream,  which  will  not  churn  into  butter,  for 
though  they  occasionally  proceed  from  the  same  causes,  they  do  not 
always,  and  must  therefore  be  separately  considered.  This  is  doubt- 
less due  to  the  formation  of  fibrin  to  an  unnatural  extent,  and  follows 
changes  from  dry  to  succulent  foods,  as  in  turning  out  to  pasture  in 
spring.  The  effects  are  not  necessarily,  nor  often,  common  to  a whole 
herd,  one  cow  passing  through  the  change  without  her  milk  being 
noticeably  affected  in  this  respect,  while  another  gives  evidence  of  it 
in  the  way  described.  Special  plants  may  sometimes  be  concerned  in 
it,  but  there  is  every  reason  to  believe  that  the  constitutional  or  tem- 
porary inability  of  the  cow’s  digestive  powers  to  accommodate  them- 
selves readily  and  completely  to  the  new  form  of  diet,  interferes  with 
the  physical  condition  of  the  albuminoids  in  the  blood,  and  furnishes 
those  concerned  in  the  formation  of  fibrin  and  in  the  physical  form 
favourable  to  it.  This  suggests  the  propriety  of  a gradual  change 
from  one  style  of  feeding  to  another,  when  the  differences  intended 
are  radical. 

Water  of  good  quality  and  in  plentiful  supply  is  more  necessary  to 
milking  cows  than  to  any  other  stock.  Beyond  what  is  required  for 
the  use  of  the  system,  the  cow  must  have  enough  to  maintain  the 
natural  proportions  in  her  milk.  Under  proper  conditions  she  will 
not  use  more  than  is  good  for  her. 

The  quality  of  the  water  is  of  the  utmost  importance.  On  this 
point  certain  errors  are  prevalent.  One  is  that  cows  prefer  filthy 
water  to  clean,  but  this  is  a mistake  both  as  to  the  preference  and  its 
results  in  the  dairy.  That  cows  have  been  known  to  turn  from  spring 
water  to  some  dirty  pond  in  the  farmyard  may  be  true,  but  the  pur- 
pose has  been  misunderstood.  They  prefer  soft  to  hard  water,  and 
that  which  has  “ the  chill  off”  to  a colder  supply,  but  if  soft  water,  not 
lower  than  50°  F.  be  provided,  and  foul  sources  cut  off,  the  stock  will 
be  contented.  The  hardness  of  water  will  also  affect  the  proportions 
of  Ca  salts,  and  through  these  the  character,  of  milk. 

Management. — In  what  may  be  collectively  termed  “manage- 
ment,” are  included  a number  of  points  which  have  to  do  directly  with 
the  health  and  comfort  of  the  cow,  and  indirectly  with  the  value  of 
her  milk,  and  leading  up  to  the  time  at  which  it  is  received  by  the 
dairyer  for  manufacture. 

The  earlier  teaching  as  to  the  effects  of  cold  and  heat  must  be 
applied  by  the  provision  of  proper  shelter  and  the  use  of  it  whenever 
the  atmospheric  conditions  warrant,  with  good  and  dry  bedding  when 
the  cows  are  housed  by  night.  The  quarters  should  be  clean,  and 
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the  animals  also,  for  with  them  as  with  human  beings,  cleanliness  is 
conducive  to  health. 

The  cows  should  be  brought  in  and  milked  with  gentleness  and 
quiet,  for  excitement  is  not  only  injurious  to  them,  and  liable  to  re- 
duce their  yield,  but  is  also  mischievous  to  the  keeping  quality  of 
milk.  The  milking  should  be  done  by  clean-handed  milkers,  the 
udders  of  the  cows  having  been  also  cleansed,  and  the  vessels  should 
be  beyond  suspicion.  Wet-handed  milking,  with  its  common  accom- 
paniment of  filth,  is  bad  even  with  clean  hands  and  udders,  because 
the  sweats  of  both  skins,  with  organic  acids  and  other  products  of 
decomposition,  are  carried  into  the  milk  to  its  certain  damage.  If  the 
dairyer  helps  in  this  work,  he  should  wear  a special  dress  and  boots, 
changing  these  before  returning  to  the  dairy  ; and  this  last  should  be 
provided  with  such  means  of  delivery  as  will  obviate  the  necessity  of 
the  milkers  ever  coming  within  its  doors,  thus  avoiding  one  cause  of 
taints.  The  milk  of  each  cow  should  be  separately  weighed  and  re- 
corded, and  all  other  methods  conducive  to  the  increase  of  profit  and 
prevention  of  waste  adopted,  for  while  the  commercial  success  of  the 
dairy  may  be  to  a great  extent  dependent  on  the  manufacture,  it  is 
certainly  also  much  affected  by  the  management  up  to  this  point. 
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INFLUENCE  ON  MILK  OF 
FERMENTATION,  ANIMAL  DLSEASE , AND 
NON-PUTREFACTLVE  TALNTS. 

Liability  of  Milk  to  Fermentation.  — Milk,  in  a remarkable 
degree,  supplies  the  conditions  essential  to  ferments  — namely, 
ample  moisture  ; the  sugar  and  albuminoids  upon  which  they  feed, 
and  which,  in  turn,  they  decompose  ; and  the  inorganic  compounds 
which  influence  their  operations  in  various  ways  ; everything  is  ready 
to  their  use,  and  a suitable  temperature  alone  is  needed  to  fill  up 
the  demand.  As  drawn  from  the  cow  it  is  usually  free  from  ferments, 
and  has  even  been  preserved  indefinitely,  simply  by  being  milked 
into  clean  bottles  and  hermetically  sealed.  Experiments  of  this  kind 
have  succeeded  so  often  as  to  justify  the  belief  that  germs  in  the 
air  or  on  the  milker’s  hands,  or  the  teats  of  the  cows,  or  in  the 
receiving  vessel,  must  account  for  the  failures  ; and  although  the  risks 
in  these  cases  are  too  great  for  trade  purposes,  they  certainly  point  to 
the  advantages  of  even  such  partial  security  as  can  be  afforded  by 
care  in  milking  and  immediate  protection  from  the  general  risks 
run  by  milk  on  the  fann. 

Moreover  it  is  at  this  time  slightly  alkaline,  a condition  helpful 
to  many  ferments  even  of  the  worst  kinds  ; and  the  temperature  is 
also  specially  favourable  to  most  of  them,  ranging  from  the  animal’s 
blood  heat  when  flowing  from  the  teat,  to  85°  F.  or  lower,  before  it  can 
be  discharged  at  the  dairy  on  a cold  day.  The  fine  streams  reach 
the  pail  through  air  which  is  liable  to  contain  a high  proportion 
of  germs  of  different  kinds,  and  doubtless  carry  some  of  these 
with  them  into  the  body  of  milk,  from  which  they  cannot  be 
separated. 

Our  raw  material,  under  the  best  conditions,  thus  meets  with  the 
active  causes  of  fermentation  on  the  very  threshold  of  its  separate  exist- 
ence, and  in  general  circumstances  will  soon  give  proof  of  their 
presence  in  it.  When  to  the  ordinary,  and  well-nigh  unavoidable, 
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conditions  described,  there  are  added  a filthy  condition  of  the  cow- 
house, the  cow,  the  milker,  neglected  pails,  and  wet-handed  milking, 
it  must  be  plain  that  the  mischievous  conditions  are  increased 


in 


proportion  to  the  neglect,  both  by  the  introduction  of  the  more 
abundant  germs,  and  even  of  active  ferments,  and  of  the  dirt  which 
— once  diffused  though  the  milk — will  meet  the  needs  of  bad  ferments 
even  more  perfectly  than  the  natural  milk  constituents  can  do.  This 
is  no  fancy  statement,  drawn  from  imagination,  for  the  almost  excus- 
able purpose  of  frightening  careless  people  into  carefulness.  Every 
item  is  supported  by  observation,  both  by  scientific  experimenters 
and  practical  handlers  of  milk.  The  honest  truth  is,  that  very  little 
is  received  in  the  average  dairy  from  which  it  is  possible  to  make 
the  finest  of  cheese  or  butter.  There  are  risks  at  the  best,  but  they 
are  trifling  as  compared  with  those  commonly  encountered.  More  of 
this  when  the  patent  effects  have  to  be  discussed. 

In  the  dairy,  too,  ferments  are  found,  and  the  milk  receives  them 
from  the  passing  air  currents,  or  by  their  settling  in  it  when  the 
atmosphere  is  still.  But,  from  whatever  source  derived,  they  may 
be  divided  into  two  classes, — ( a ) the  friendly , which  are  either  essential 
or  helpful  to  the  processes  of  cheese  and  butter  making  ; and  ip)  the 
unfriendly , which  introduce  objectionable  conditions  or  qualities  into 
the  milk  and  its  products.  These  shall  be  taken  in  connection  with 
the  special  objects  of  their  attention. 

Sugar  has  qualities  which  definitely  assist  certain  ferments  and 
hinder  others.  To  such  as  produce  lactic  acid,  it  offers  facilities  in 
its  physical  make-up,  and  speedily  becomes  changed  into  that 
substance  under  their  influence.  The  C]oH2._.On  H20  becomes 
4C3HB03,  the  water  of  crystallisation  sharing  in  the  conversion,  and 
combining  fully  with  the  H and  O of  the  changed  sugar. 

This  would  not  appear  to  be  a step  towards  ultimate  putrefaction, 
but  such  it  is.  The  physical  conditions  and  relations  of  the  sugar 
are  changed,  and  the  way  is  prepared  for  still  further 
The  ferments  which  produce  these  results  are  several  in 
That  shown  in  Fig.  13 — Bacillus  acidi  laclicBr-\s  best  known 
to  the  bacteriologist,  ancPTs  probably  far  more 
numerous  in  the  dairy  than  any  other,  though 
such  may  have  a minor  share  in  the  work  at  any 
time.  This  is  of  rounded  form,  1 to  1.7  /x.  long, 
is  found  in  pairs  or  chains,  and  multiplies  by 
fissions  and  germ  formation  at  a great  rate  in 
favourable  temperatures.  It  does  little  below 
50°  F.  ; but  with  higher  temperatures  steadily 
increases  in  vitality  and  activity,  until  at  950  F.  it  is  at  its  greatest 
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Fig.  13. 

Lactic  Acid  Ferment. 
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power.  At  115°  F.  it  is  feeble,  if  not  totally  inactive;  and  at  140°  F. 
is  killed.  Its  germs,  however,  are  only  killed  at  240  F.  ; and  as 
this  is  beyond  any  experience  in  the  dairy,  it  may  be  seen  that 
though  by  much  lower  temperatures  it  is  easy  to  destroy  the  living 
microbes,  their  germs  remain,  ready  to  come  to  life  when  a suitable 
temperature  is  reached. 

Another  ferment,  separated  and  cultivated  by  Dr  Storch  of  Copen- 
hagen, and  designated  No.  18,  is  shown  in  Fig.  14.  This  has  been 
used  in  experiments  with  milk  and  cream,  with 
satisfactory  results.  No  others  have  as  yet  been 
isolated.  Further  references  will  be  made  by 
the  initials  L.A.F.,  for  brevity’s  sake. 

These  ferments  probably  use  up  some  of  the 
sugar  as  the  alcohol  yeast  does,  producing  a 
small  quantity  of  CO* 

When  the  maximum  quantity  of  .7  to  .8  of 
1 per  cent,  of  acid  has  been  formed  they 
cease  to  operate,  and  as  in  dairying  no  attempt 
is  made  to  neutralise  the  acid  in  order  to  set  the  ferments  again  in 
action,  we  must  consider  their  limit  as  reached.  Long  before  this,  smell 
and  taste  will  have  proved  the  presence  of  fermentation,  and  the 
milk  will  have  passed  beyond  the  useful  stage.  The  sugar  ferments, 
therefore,  are  only  friendly  up  to  a certain  point,  which  will  be  better 
indicated  in  connection  with  their  necessity  in  the  dairy. 

Of  unfriendly  ferments,  the  alcohol  ferment  (A.F.)  produces 
small  quantities  of  C2H60  and  C02 ; but  the  sugar  but  slowly  re- 
sponds to  its  action,  differing  noticeably  in  this  respect  from  fruit 
sugar.  The  butyric  acid  ferment  (B.A.F.)  probably  carries  the 
work  much  further,  the  milk  becoming  noxious  under  its  influence. 
After  a certain  stage  has  been  reached,  a general  attack  is  made  on 
the  whole  series  of  organic  compounds  by  whatever  ferments  of  general 
putrefaction  are  at  hand,  and  in  this  the  sugar  elements  reach  their 
lowest  forms  of  combination. 

One  constituent  of  milk — Casein — is  attacked  by  so  many  unknown 
microbes  that  it  is  difficult  to  describe  its  position  in  the  general 
course  of  decomposition.  It  has  been  said  that  the  whole  movement 
commences  with  the  action  of  a casein  ferment,  in  the  absence  of 
which  L.A.F.  is  idle,  and  this  theory  is  supported  by  certain  practical 
considerations.  But  it  is  by  no  means  certain,  being  mainly  based 
on  the  fact  that  fermentation  is  slow  in  a sugar  solution,  which  may 
merely  mean  that  the  L.A.F.  is  to  some  extent  dependent  on  proteid 
food.  On  the  other  hand,  the  existence  in  milk  of  any  other  friendly 
kind  of  fermentation  than  that  producing  lactic  acid,  is  either  ignored 


Fig.  14. 

Lactic  Acid  Ferment 
(No.  18). 
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or  denied  by  not  a few  writers  and  teachers,  probably  because 
it  is  the  only  one  which  can  be  readily  proved  by  a chemical 
reaction. 

There  are,  however,  strong  grounds  for  believing  that  while  the 
sugar  is  being  changed,  the  casein  is  also  being-  attacked,  and  that 
in  a way  and  to  a degree  which  cannot  be  accounted  for  by  any 
supposed  action  of  the  L.A.F.,  for  this  does  not  appear  to  affect  the 
casein  when  sterilised  milk  is  inoculated  with  it. 

It  is  not  claimed  that  there  is  absolutely  no  influence  exerted  by 
the  L.A.F.  on  the  casein  under  those  conditions,  but  simply  that,  as 
none  is  observable,  it  cannot  be  sufficient  to  explain  the  behavionr  of 
casein  in  ordinary  experience.  Nor  can  it  be  set  down  to  the  B.A.F., 
for  that  does  not  appear  to  come  into  operation  early  enough  for 
our  purpose.  At  or  about  the  limit  of  L.A.  formation  the  casein 
coagulates,  and  has  for  some  time  before  this  betrayed  increased 
viscosity,  with  other  varying  tendencies,  most  likely  dependent  on 
the  ferments  present.  Unless  we  imagine  the  B.A.F.  to  be  capable 
of  attacking  it,  before  it  can  do  anything  of  consequence  with  the 
sugar,  we  shall  have  to  dismiss  it  as  an  unlikely  agent.  Moreover, 
the  B.A.F.  has  been  used  with  sterilised  milk,  the  casein  coagulating 
in  a firm  mass  in  a week,  and  being  dissolved  in  two  or  three  weeks, 
with  the  appearance  of  NH3,  leucine,  tyrosine,  and  other  fermentative 
products.  Here,  in  the  tendency  to  give  a firm  coagulum,  it  re- 
sembles the  L.A.F.,  though  it  appears  to  digest  it  afterwards,  which 
there  is  every  reason  to  believe  the  L.A.F.  never  does.  This  diges- 
tion is,  however,  altogether  too  slow  to  explain  our  case,  nor  is  it 
likely  to  be  proportionately  more  rapid  in  the  presence  of  lactic  acid, 
as  present  in  dairy  processes,  but  rather  the  reverse. 

Now  there  can  scarcely  be  a doubt  of  the  presence  of  a ferment 
(possibly  more  than  one),  the  action  of  which  tends  to  an  opposite 
effect  to  that  of  the  L.A.F.,  rather  a softening  and  disintegration  of 
the  casein — both  the  denser  form  of  the  original  in  the  envelopes  of 
the  fat  globules,  and  the  coagulum  when  formed.  Such  effects  we 
have  realised  under  conditions  which  could  hardly  deceive,  when  the 
usual  tendency  of  the  casein  was  plainly  checked  by  another  agent, 
locally  and  temporarily  in  excess  of  power,  but  not  so  easily  recognised 
in  its  normal  proportion  of  influence  at  other  times.  After  estimating 
all  known  conditions,  the  results  could  only  be  accounted  for  by  a 
ferment  which  could  produce  a much  more  rapid  softening  effect  than 
the  B.A.F.  could  be  expected  to  do,  and  of  a somewhat  different 
character.  Happily  we  have  not  to  calculate  only  on  the  existence  of 
such  a ferment,  for  one  at  least  is  known  to  us,  and  it  is  not  unlikely 
that  more  will  be  shortly  discovered. 
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Fig.  15- 

Casein  Ferment 
(No.  i). 


The  Tyrothrix  bacillus  (of  Duclaux),  Fig.  15,  appears  to  meet  the 
case  fully.  This  microbe  is  very  like  the  B.A.F.  in  form,  and  might 
easily  be  mistaken  for  it  under  the  microscope  ; 
but  its  action,  in  all  moral  certainty,  is  altogether 
in  the  direction  of  softening,  and  not  of  hardening, 
even  for  a time,  the  coagulum  of  natural  fermenta- 
tion. We  may  therefore — awaiting  the  coming  to 
light  of  a more  powerful  agent  of  this  tendency — 
dub  it  casein  ferment  No.  1 (or  C.F.  1).  Further, 
since  there  are  weaker  alcohol,  lactic  acid,  and 
other  ferments  of  definite  character,  there  is  a 
probability  of  others  bearing  a similar  relation  to  the  C.F.i,  and 
assisting  in  its  work. 

Some  ferments  coagulate  milk  without  the  formation  of  acid,  and 
such  a coagulum  will  be  much  more  easily  broken  up  by  the  later 
fermentations  than  one  caused  by  L.A.F.,  or  probably  B.A.F.  either. 
In  this  respect  it  will  approach  in  character  the  coagulum  of  rennet  in 
a neutral  milk. 

In  view  of  the  foregoing,  the  necessity  for  a kind  of  fermentation 
balancing  with  the  influence  of  the  acid  forms,  and  explaining  certain 
constant  experiences  and  occasional  difficulties  in  the  dairy,  is  met  by 
C.F.i  and  its  fellows,  known  and  unknown.  Such  as  properly  fulfil 
this  requirement  may  be  reckoned  among  the  friendly  ferments. 

The  decomposition  of  casein  by  all  forces  involves  the  separation, 
and  in  some  cases  recombination,  of  its  elements  very  much  as  in 
other  dead  matter,  and  with  the  same  variety  and  uncertainty  of  form. 
The  taking  up  of  O and  FLO,  and  the  setting  free  of  N,  C02,  and 
sundry  other  gases,  occur  as  usual.  Sulphogenic  ferments  assist  in 
the  task,  setting  free  the  S to  form  sulphuric  acid  (H.,S04).  This  does 
not  generally  come  within  the  experience  of  the  dairyer,  and  it  would 
be  fortunate  for  him  if  it  never  did  ; but  under  some  fermentations 
such  evidences  of  special  or  advanced  character  are  met  with  while 
the  ordinary  processes  are  going  on,  and  some  of  them  are  recognised 
by  the  sense  of  taste  and  smell. 

Albumin,  though  it  does  not  coagulate  under  ordinary  fermentation, 
is  undoubtedly  the  subject  of  attack  at  some  stage  of  the  general 
decomposition.  In  the  serum,  where  any  changes  in  its  condition  can 
be  easily  noted,  the  only  unfriendly  fermentation  which  we  have  seen 
has  been  the  viscous  or  “ropy”  form,  and  this  but  twice.  Then  the 
albumin  appeared  to  be  involved,  although  the  change  is  in  such 
case  wrought  in  the  sugar.  The  same  remarks  apply  also  to  the 
albuminose. 

The  protection  of  the  fats  of  milk  by  their  envelopes  has  in  all 
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probability  much  to  do  with  the  real  or  apparent  non-fermentation  of 
these  substances  in  milk.  There  can  be  no  doubt  of  their  fermenta- 
bility,  and  that,  in  the  presence  of  sufficient  casein  and  water,  the 
action  is  rapid,  accompanied  by  an  odour,  pungent  and  well-nigh 
unmistakable.  Evidences  of  B.A.  fermentation,  however,  do  not 
appear  until  an  advanced  stage  of  the  general  course  of  change  has 
been  reached,  and  even  then  is  probably  “first  due  to  the  lactic 
acid  being  attacked.  Later,  when  the  C.F.  and  others  have  carried 
their  work  far  enough  to  allow  of  the  fat  ferments  reaching  the  con- 
tents of  the  globules,  there  is  every  probability  of  their  being  reduced 
to  new  forms,  and  especially  to  butyric  acid  and  the  other  pro- 
ducts necessary  to  account  for  the  original  proportions  of  the  fat 
elements.  The  B.A.F.  is  pretty  certain  to  take  a leading  part  in  this, 
though  it  is  not  likely  to  act  alone. 

It  has  been  asserted  that  the  presence  of  volatile  fats  in  milk  is 
due  entirely  to  fermentation,  but  this  is  unreasonable.  We  have  already 
met  with  examples  of  the  same  substances  being  produced  in  living 
plants  and  animals,  and  in  fermenting  bodies  ; and  there  is  no  more 
reason  for  saying  that  volatile  fats  are  ferment  products  only,  than  for 
asserting  that  mannite  is  entirely  a product  of  fermentation.  Abun- 
dant evidence  is  at  hand  to  establish  the  closest  kinship  between  some 
of  the  results  of  the  activities  of  the  living  animal  and  vegetable  cells 
and  those  of  ferments,  and  that  volatile  fats  are  among  the  former  has 
already  been  shown.  It  is  now  readily  admitted  that  they  are  among 
the  latter  also  ; and  while  it  may  not  be'proved  that  caproin  and  its 
fellows  are  so  produced,  it  seems  likely,  though  they  may  need  special 
microbes  to  produce  them.  It  is  but  a step  between  the  point  here 
reached  and  the  common  putrefaction  of  all  organic  bodies,  the  nature 
of  which  has  been  already  pointed  out. 

Two  kinds  of  ferments  have  been  mentioned  as  necessary  or  help- 
ful in  dairy  processes,  viz.,  those  which  produce  lactic  acid  and  those 
which  soften  and  digest  the  casein  without  producing  any  objectionable 
effects  from  the  dairyer’s  point  of  view.  All  the  rest  may  be  properly 
regarded  as  his  enemies. 

Taints. — Unfriendly  microbes  may,  in  some  cases,  be  altogether 
idle  until  the  conditions  necessary  to  them  have  been  brought  about 
by  others,  or  by  human  or  accidental  means  ; while  others,  though 
usually  kept  in  check  by  the  more  numerous  lactic  acid  and  casein 
ferments,  may  be  able,  when  in  larger  numbers,  to  take  the  lead  and 
work  much  harm  ; while  others  again  are  always  busy,  and  do  as 
much  mischief  as  their  numbers  will  admit  of.  It  is  possible  that 
some  of  them  may  bring  about  changes  in  milk  constituents  which 
will  more  or  less  interfere  with  dairy  processes  without  giving  any 
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noticeable  taste  or  smell  ; but  most  of  them  produce  taints  of  one 
kind  or  another,  often  so  mixed  as  to  make  it  difficult  for  even 
an  expert  to  determine  their  direct  causes. 

By  taints  we  mean  odours  or  flavours,  or  combinations  of  ^thesej 
which  are  not  natural  to  milk  during  that  period  of  its  separate 
existence  in  which  it  is  used  for  manufacturing  cheese  and  butter, 
and  which  are  not  caused  by  the  friendly  ferments  during  that 
period,  if  at  all.  These  are  not  all  necessarily  caused  by  fer- 
ments, and  we  may  therefore  divide  them  into  putrefactive  and  non- 
putrefactive  taints.  With  the  former  we  have  now  to  do.  They 
are  of  many  kinds  ; indeed,  it  is  doubtful  if  most  existing  ferments 
have  not  the  power  to  work  havoc  in  milk  under  favourable  con- 
ditions. That  these  last  never  come  to  their  aid  in  ordinary  cases, 
and  that  the  actual  kinds  which  can  get  a start  and  an  advantage 
in  relative  power  against  the  friendly  ferments  are  comparatively  few, 
may  be  true  ; but,  after  making  all  reasonable  allowances,  there  is 
little  room  for  comfort  in  these  reservations.  There  are  enough 
left  to  baffle  the  best  manufacturing  skill,  and  the  exceptional 
conditions  occur  often  enough  to  make  taints  the  terror  of  every 
dairyer  who  values  his  reputation.  At  present  only  a few  have  been 
identified  and  described,  and  these  have  mostly  been  mentioned 
already. 

Ropiness  is  caused  by  the  V.F.  or  some  of  its  kin,  and  is  exceed- 
ingly troublesome  to  get  rid  of,  besides  making  the  milk  useless  for 
manufacture.  Bitterness,  and  peculiar  tastes  not  easily  described, 
can  be  recognised  by  the  watchful,  and  these  are  generally  caused 
by  ferments.  An  exhaustive  series  of  experiments  will  be  necessary 
to  secure  the  facts  concerning  them. 

Pasteur,  the  eminent  French  bacteriologist,  has  aptly  called  such 
affections  of  wine  and  beer  “ diseases  ” of  those  liquors,  and  the  term 
is  applicable  to  the  same  in  milk.  Diseases  they  are,— some  of  them 
fatal  to  the  usefulness  of  our  fluid,  others  cured  with  difficulty— and 
leaving  behind  changed  conditions  comparable  to  those  which,  after 
sickness,  render  human  beings  weakly  and  ready  for  other  troubles  ; 
and  those  due  to  fermentation  are  capable  of  transmission  to  other 
milk  by  the  mixing  of  the  diseased  milk  with  it  or  by  germs.  To 
prevent — or,  when  our  best  efforts  fail,  to  cure,  as  far  as  is  possible — 
must  be  our  aim. 

Ferments  of  the  Soil. — In  the  pastures  there  are  ferments  of 
the  soil  and  manure,  and  these  doubtless  of  the  worst  kinds  where 
town  sewage  is  applied.  Milk  from  lands  treated  with  this  latter 
has  been  known  to  become  putrid  in  thirty-six  hours.  Silage,  bad 
hay,  grains,  distillery  refuse,  decayed  roots,  cooked  foods  which  have 
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been  allowed  to  ferment,  and  foul  air  and  water,  arc  a'l  liable  to 
produce  mischief.  The  germs  from  all  such  sources  are  liable  to 
be  taken  into  the  cow’s  system  in  eating  and  breathing,  and  to 
interfere  with  her  health  ; though  only  in  disease  are  microbes  be- 
lieved to  find  their  way  into  milk  by  why  of  the  blood.  There  is, 
however,  nothing  to  hinder  the  products  of  fermentation  so  reaching 
the  milk,  and  creating  conditions  unfavourable  to  the  dairyeds  aims. 
There  is  no  more  reason  to  doubt  of  the  passage  of  such,  than  of 
the  flavours  of  turnip  or  wild-garlic.  Milk  from  cows  fed  on  brewers’ 
grains  has  been  found  to  contain  free  acid,  and  could  not  be  digested 
by  children.  The  fermentative  products  of  decayed  roots  eaten  by 
cows  have  been  known  to  produce  diarrhoea  in  their  calves.  Such 
milk,  if  brought  into  the  dairy,  could  not  fail  to  produce  inferior 
goods.  A more  direct  infection  of  milk  may  be  by  the  germs  being 
taken  up  in  the  field  or  byre,  and.  carried  by  the  cow’s  body,  or  by 
the  air,  into  the  pail,  and  here  again  experience  confirms  reason. 
Fermented  foods  and  foul  bedding,  especially  of  bad  hay, — “only 
fit  to  put  under  the  cows,”  as  the  thoughtless  would  say, — can  do 
more  harm  than  the  cleverest  dairyer  can  cure.  In  the  light  of 
these  facts,  the  gravity  of  the  objections  to  the  use  of  such,  and 
to  dirty  udders  and  wet-handed  milking,  is  increased  tenfold. 

One  great  source  of  contamination  is  the  land  pond, — in  dry 
weather  a mere  puddle  of  foul  water  and  mud,  into  which  the 
cows  go  to  cool  themselves,  splashing  their  bodies  with  the 
festering  filth.  We  have  directly  traced  some  of  the  worst  cases 
of  bad  milk  we  ever  encountered  to  this  cause.  Even  the  cleansing 
of  the  cow’s  udder,  if  not  done  with  clean  water  and  cloths,  may 
fail  to  prevent  the  harm  possible  from  such  a source.  Even  teat 
plugs  and  milking  tubes  may  contaminate  our  raw  material  if  not 
cleansed  and  sterilised  after  using. 

The  dairy  may  become  infected,  and  we  have  known  cases  of 
complete  failure  ; the  dairyers,  unconscious  of  the  true  cause,  chang- 
ing methods  and  making  wild  attempts  to  cure  matters  ; the  cheese 
meanwhile  continuing  to  rot  and  stink.  The  only  cure  in  such 
cases  is  to  cleanse  the  dairy  and  all  its  contents,  while  cutting  off 
permanently  the  chance  of  recurrence  by  whitewashing  the  walls  and 
ceiling  with  materials  to  which  a disinfectant,  as  nearly  inodorous 
as  possible,  has  been  added. 

Coloration. — Microbes  producing  coloration  may  now  be  men- 
tioned. Several  of  these  have  been  identified  and  tested  by 
experiment.  The  Micrococcus  prodigiosus  produces  redness  with 
acid,  and  casein  coagulation.  The  Bacillus  pyocaneus  causes  a 
greenish  yellow ; Bacillus  xanthogenus , an  orange ; and  Vibrio 
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cyanogenus,  a blue  colour.  Their  products  are  liable  to  change 
with  varying  chemical  reactions. 

Infected  Milk. — Contagious  or  infectious  animal  diseases  can  be 
communicated  by  milk.  In  certain  cases  this  is  established,  and  in 
others  suspected  on  reasonable  grounds.  These  sometimes  infect 
the  milk  by  way  of  the  blood,  but  are  always  liable  to  do  so  by  free 
germs.  Human  diseases  of  this  type  may  be  carried  by  milkers. 
Sometimes  the  products  of  disease  are  infectious,  and  these  can 
always  reach  the  milk  within  the  animal.  Since  there  are  no  con- 
ditions in  any  of  the  processes  of  the  dairy  destructive  to  germs 
which  would  not  also  prevent  success  in  manufacture,  it  may  be  said, 
once  for  all,  that  no  milk  which  has  been  exposed  to  real  danger  of 
infection  should  be  taken  into  the  dairy,  much  less  made  into  human 
foods.  It  should  be  received  in  a vessel  kept  for  the  purpose, 
disinfected  thoroughly,  and  discharged, where  it  can  do  no  harm. 

Tests  for  Fermentation. — We  now  turn  to  the  means  which  may 
be  used  for  ascertaining  the  presence,  kind,  and  degree  of  fermenta- 
tion in  milk,  dealing  first  with  the  tests  for  the  friendly  forms.  The 
need  of  such  has  been  felt  by  dairyers  for  many  years,  and  various 
attempts  have  been  made  to  provide  them,  but  only  with  partial 
success.  The  Highland  and  Agricultural  Society  of  Scotland  recently 
offered  a prize  of  ^100  for  one  which  would  properly  meet  the  case  ; 
but  the  prize  was  not  awarded,  the  jurors  deciding  that  the  entries 
did  not  fulfil  the  conditions.  Such  tests  should  be  reliable,  simple, 
very  quickly  applied,  and  reasonably  cheap.  Some  fail  on  one  point, 
some  on  another,  and  there  is  not  at  present  any  absolutely  certain 
test  of  the  kind. 

Litmus  paper  is  the  simplest,  readiest,  and  cheapest,  now  obtain- 
able, though  it  is  often  objected  to  as  failing  in  common  practice. 
The  charge  of  general  unreliability  we  deny  : for  experience  of  years 
has  proved  that  it  is  safe  in  95  per  cent,  of  tests  made,  and  the 
failures  cannot  only  be  accounted  for,  but  turned  to  account  in  prac- 
tice. The  truth  of  the  matter  is,  that  few  people  have  ever  used  it 
long  enough  to  prove  it,  and  still  fewer  have  attempted  to  reduce  its 
use  to  any  system.  For  want  of  a means  of  determining  the  extent  of 
acid  formation,  the  user  has  had  to  work  long  before  he  could  become 
so  accustomed  to  its  indications  as  to  depend  upon  them  with  safely;  but 
having  such  means  in  our  possession,  we  now  offer  them  to  the  reader. 

Litmus  paper  when  plunged  into  milk  which  is  acid  in  any  appre- 
ciable degree,  becomes  reddened  by  absorbing  the  liquid  with  its  lactic 
acid  distributed  in  it,  this  depending  naturally  on  the  stage  of  fermenta- 
tion. As  time  passes,  therefore,  each  test  shows  greater  redness,  and 
various  useful  stages  of  this  are  shown  in  the  coloured  plate  opposite 
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the  title-page.  The  last  example  is  reached  a little  before  fermentative 
coagulation  occurs  ; but  as  this  shows  a stage  within  or  below  which 
every  experience  in  this  kind  of  fermentation  comes  which  has  need  to 
be  estimated  in  our  work,  the  test  fully  covers  the  case  in  that  respect. 

The  real  value  of  the  test  lies  in  the  fact  that  the  L.A.F.  and  C.  F. 
generally  bring  about  a well-balanced  pair  of  results  which  combine 
to  determine  when  the  milk  shall  coagulate  by  fermentation,  for  other- 
wise the  mere  observation  of  the  acidity  alone  would  not  suffice  where 
it  is  only  one  of  two  powerful,  and  not  always  equal,  influences.  The 
acidity  is  alone  revealed  directly  by  this  and  sundry  other  tests,  so 
that  we  have  to  take  it  for  granted,  in  the  absence  of  indications  to 
the  contrary,  that  the  desirable  balance  of  power  is  in  operation. 
When  it  fails,  registering  a degree  of  acidity  which  does  not  agree 
with  the  time  required  for  coagulation,  or  with  the  behaviour  in 
other  respects  of  the  material  tested,  abundant  evidences  prove  the 
presence  of  unfriendly  forms  of  fermentation.  In  such  cases  the 
smell  generally  shows  this  ; but  failing  the  appearance  of  a distinct 
odour,  other  tests  can  be  applied  to  confirm  the  suspicion  which  the 
error  in  litmus  indication  awakens. 

Further,  it  is  true  that  persons  whose  colour-vision  is  defective  can- 
not perceive  the  distinctions  necessary  to  its  use,  but  this  is  true  of 
all  colour  tests,  and  can  only  be  regretted.  To  the  multitude  of 
dairyers  it  will  be  serviceable,  and  the  colour-plate  will  make  its  ap- 
plication an  easy  matter. 

The  paper  is  sold  in  tiny  books  of  twenty-five  slips  (equal  to  fifty 
tests),  and  by  all  respectable  chemists.  It  is  liable  to  gradual  spoil- 
ing by  exposure  to  air  or  damp,  and  should  therefore  be  bought  fresh, 
or  well  kept,  and  should  be  carried  in  a little  tin  box.  The  fingers 
should  be  dry  and  free  from  acid  when  handling  it.  It  should  not  be 
glazed,  the  greasy  and  viscous  character  of  the  dairyer’s  materials 
hindering  such  a surface  from  properly  absorbing  the  acid.  Before 
using,  the  paper  should  be  of  the  colour  of  A in  the  plate. 

Other  tests  might  be  mentioned,  but  they  fail  more  frequently  than 
litmus,  and  from  the  same  cause,  and  the  difficulty  or  cost  of  their  employ- 
ment would  make  it  unnecessary  for  the  advantage  of  confirmation. 

Rennet , which  shows  the  nearness  of  milk  to  fermentative  coagu- 
lation without  estimating  the  acidity  as  such,  is  a valuable  testing 
agent.  This,  as  usually  prepared,  is  an  infusion  of  the  stomach  of 
the  calf,  the  gastric  juice  of  which  gives  it  the  power  to  coagulate  a 
neutral,  or  even  an  alkaline,  milk.  Therefore,  in  order  to  its  use,  its 
strength  must  be  known,  and  the  relation  of  that  strength  to  a 
common  standard  of  action,  so  that  it  may  be  said  that  so  much  of 
the  work  was  done  by  the  rennet,  and  the  rest  by  the  ferment.  If 


FERMENTATION  AND  TAINT  IN  MILK. 


69 


three  equal  quantities  of  milk  be  tested  by  equal  measures  of  tie 
same  rennet,  and  one  milk  coagulates  in  a fifth  more  time,  and  a 
second  in  a fifth  less  time  than  the  third,  it  must  be  judged  that  fei- 
mentation  tending  to  coagulation  had  reached  a point  in  the  first  case 
one-fifth  in  advance,  and  in  the  second  one-fifth  below,  that  of  the 
third  case.  This  test  is  of  great  value  in  cheese-making  when  taken 
in  comparison  with  the  litmus  test,  in  which  case  the  rennet  being 
that  employed  in  the  manufacture,  the  indications  are  immediately 
applicable. 

As  a means  of  more  certainly  discovering  the  causes  of  taints,  a 
kind  of  “ ferment  forcing”  may  be  resorted  to.  In  fig.  16  an  apparatus 
is  shown  which  fulfils  the  necessary  con- 
ditions. It  consists  of  a metal  case  a, 
the  upper  part  of  which  contains  water 
heated  by  a lamp  b,  which  should  be 
regulated  to  maintain  the  water  tem- 
perature at  100°  F.  Into  the  upper  part, 
or  tank,  fits  the  tube  frame  c,  to  hold 
glass  tubes  d,  of  one-quarter  pint  each, 
with  an  inch  and  half  of  space  to  spare. 

The  frame  c is  divided  into  cells  by 
divisions,  and  has  a bottom  of  wire 
framework  which  support  the  tubes 
two  inches  above  the  bottom  of  the 
tank.  The  cells  allow  of  any  tube  be- 
ing removed  without  interference  with 
the  treatment  of  the  rest.  Each  tube 
is  closed  by  a rubber  stopper  having 
a bent  tube  f passing  through  it  to  allow  of  all  gases  escaping, 
and  these  are  conducted  into  two  water  troughs  g g,  so  that  no 
external  air  can  affect  the  results.  A thermometer  occupying  a central 
tube  shows  the  temperature  of  the  contents  of  the  testing  tubes,  and 
pipes  j k provide  for  the  admission  or  overflow  of  water  as  may  arise. 

The  whole  apparatus  may  be  enclosed  in  a ventilated  chest  or 
cabinet  if  desired,  and  locked  up  while  in  use,  so  preventing  any  in- 
terference. With  the  water  maintained  at  the  temperature  named, 
the  ferments  in  each  of  the  tubes  are  enabled  to  develop  and  multiply 
rapidly,  out  of  reach  of  all  others.  By  observing  the  time  required  to 
produce  fermentative  coagulation  in  comparison  with  sound  milks, 
and  the  odours  and  other  evidences  of  special  forms  of  fermentation, 
it  is  easy  to  trace  troublesome  milks,  which  may  not  be  discovered  by 
the  litmus  test,  only  developing  their  character  when  dairy  processes 
are  somewhat  advanced. 


Fig.  16. 

Test  Apparatus  for  Taints. 
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Protection  and  Preservation  of  Milk. — Milk,  as  it  comes  from 
the  cow,  is  within  the  range  of  temperature  favourable  to  fermenta- 
tion. By  cooling  it  to  a point  at  which  this  will  proceed  more  slowly, 
the  milk  may  be  sent  in  a closed  can  some  distance  to  a factory,  or 
kept  more  safely  in  the  dairy  than  when  left  to  the  air  influence.  By 
exposing  it  to  the  latter  in  a thin  body  and  in  contact  with  a metal 
surface  cooled  by  water  within,  not  only  is  the  temperature  reduced, 
but  the  gases  of  milk  are  scattered,  and  the  “ cowy  ” odour  also,  the 
latter  by  oxidation  cf  the  materials  causing  it. 

The  best  known  apparatus  for  the  purpose  is  the  capillary  cooler, 
Fig.  17,  which  consists  of  a series  of  tubes  so  arranged  as  to  pre- 
sent continuous  outer  surfaces, 
over  which  the  milk  can  flow 
from  the  distributing  trough, 
until  it  reaches  the  collect- 
ing trough,  and  is  discharged 
from  its  spout.  Cold  water 
enters  by  the  lower  pipe,  rising 
until  it  reaches  the  top,  where 
it  flows  out  by  the  upper  pipe, 
having  cooled  the  milk  on  the 
way,  and  itself  become  warmer. 
The  warm  milk  is  therefore 
first  influenced  by  the  warmest 
water,  and  at  last  by  the 
coldest. 

If  the  cooling  reduces  it  to 
60°  F.  or  less,  and  the  air  and 
other  conditions  are  not  in 
opposition,  the  keeping  quality 
of  the  milk  will  be  well-nigh 
doubled.  The  effectiveness  of  such  cooling  depends  on  (a)  the 
temperatures  of  the  milk  and  the  water,  (6)  the  rate  of  milk  flow, 
and  (c)  the  water  supply  and  its  rate  of  passage. 

(a.)  The  higher  the  temperature  of  the  milk,  the  more  work  has 
the  water  to  do  ; and  the  warmer  the  water  is,  the  less  chance  has  it  of 
doing  its  work  well.  (A)  The  more  rapid  the  flow  of  milk,  the  less 
heat  can  the  water  extract  from  a given  quantity  ; while  with  a slower 
supply,  the  extraction  is  more  perfect  up  to  the  point  where  the 
temperatures  of  water  and  milk  at  corresponding  points  of  the  appara- 
tus nearly  agree,  (c.)  The  more  rapidly  the  water  passes,  the  more 
cooling  can  it  do  ; if  more  slowly,  then  so  much  the  less  ; and  the 
supply  regulates  the  quantity,  the  passage  of  which  can  be  distributed 
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over  the  time  required  for  the  milk  to  pass.  The  regulation,  there- 
fore, may  secure  efficient  or  deficient  cooling,  as  the  case  may  be,  and 
the  thermometer  will  show  which  is  being  obtained.  Only  pure  air 
should  come  into  contact  with  the  milk  while  being  cooled,  so  that  the 
work  should  be  placed  beyond  the  ferments  and  smells  of  the  farm 
steading.  With  this  precaution  air  will  be  beneficial. 

Heat  may  be  used  for  the  purpose.  At  145°  F.  the  living 
ferments  will  be  killed  ; and  if  the  milk  is  cooled  rapidly  to  6o°  F. 
or  less,  it  can  be  kept  under  protection  for  a still  longer  time  than  by 
cooling  only. 

Antiseptics,  or  chemical  preservatives,  may  also  be  employed,  if 
they  be  wholesome,  and  not  liable  to  interfere  with  later  dairy  pro- 
cesses. Those  which  we  regard  as  safe  in  these  respects  have  for  a 
common  foundation  the  element  Boron,  the  most  familiar  being 
Borax  Na2Bj07,  found  in  nature,  and  from  which  is  obtained  Boracic 
acid  HaBOa,  a still  more  effectual  agent.  But  neither  is  so  good  as 
certain  patent  preparations  of  similar  origin,  one  of  which  we  have 
used  for  years  with  scarcely  a failure  ; and  another  of  which  we  have 
employed  as  a disinfectant,  because  of  its  safety  and  freedom  from 
odour  with  vessels  which  have  become  tainted,  and  without  any  con- 
tamination of  milk  afterwards  put  in  them. 

But  there  are  other  substances  sold  which  are  either  worthless 
or  mischievous,  and  the  reader  is  advised  to  experiment  with  them 
before  buying  in  quantity.  A special  advantage  arising  from  the 
use  of  good  antiseptics,  is  that  they  serve  when  water  fails,  which 
happens  commonly  at  a time  when  it  is  most  needed. 

Non-infectious  Animal  Diseases. — Such  of  these  as  reduce  milk 
quantity  and  quality — as  pneumonia,  and  other  effects  of  over- 
exertion and  undue  exposure — give  also  products  of  disease,  and 
injure  its  keeping  condition.  Mammitis,  or  garget  (of  the  udder), 
produces  local  inflammation,  and  in  bad  cases  the  milk  coagulates. 
Sometimes  blood  appears,  as  also  with  the  cow’s  eating  of  certain 
acrid  plants. 

Non- Putrefactive  Taints. — These  may  be  absorbed  from  the 
cow’s  feeding  (as  to  which,  see  Chapter  VI.),  or  by  the  milk  itself 
when  it  is  drawn.  Its  powers  in  this  direction  are  remarkable,  and 
it  seldom  parts  with  its  ill-gotten  gains  entirely,  though  much  may 
be  done  by  airing  and  oxidation.  If  suspected  milks  are  tested  as 
previously  advised  in  the  present  chapter,  it  will  be  easy  to  detect 
these,  and  distinguish  them  from  putrefactive  taints,  by  the  behaviour 
of  the  milk. 


CHAPTER  VIII. 


GENERAL  PRINCIPLES  OF  CHEESE-MAKING. 

Cheese  and  its  Varieties. — Cheese  consists  of  the  casein  of  milk 
reduced  by  coagulation  and  after-treatment  to  a more  or  less  solid 
state — commonly  having  the  fat  distributed  within  it,  together  with 
other  constituents  always  present  but  in  varying  proportions,  according 
to  the  manufacturing  processes  pursued  and  the  attendant  conditions. 

Upwards  of  ninety  varieties  are  made  in  different  parts  of  the 
world,  their  characteristics  depending  in  the  main  on  the  principles 
and  practices  of  the  special  methods  of  production,  and  not  on  the 
locality  or  the  soil  and  herbage  concerned  in  the  matter,  as  is 
commonly  believed.  The  overwhelming  influence  of  the  manner  of 
making  will  presently  appear  ; in  the  meantime,  we  may  remark  that 
the  belief  that  certain  famous  cheeses  can  only  be  produced  in  certain 
districts  has  done  much  mischief,  by  misleading  the  consumers, 
and  encouraging  the  local  makers  to  lean  on  a supposed  “ natural 
monopoly,”  instead  of  on  sound  principles  and  skilful  practice. 

The  only  influence  which  the  soil,  as  such,  exerts  on  the  character 
of  cheese,  is  by  way  of  the  ash  constituents  already  described  ; and  of 
the  herbage,  beyond  this,  by  flavouring  plants,  for  which  the  farmer 
is  responsible.  There  is  nothing  to  hinder  the  dairyer  from  making 
any  variety  of  cheese,  if  he  will  provide  a suitable  dairy  and  sound 
milk,  and  follow  the  producing  methods  with  proper  care.  Given 
half-a-dozen  milks  of  equal  quality,  in  as  many  different  parts  of  the 
country  and  on  as  many  different  soils,  and  let  these  be  made  into 
cheese  by  one  method,  with  no  more  variation  in  practice  than  is  need- 
ful to  balance  conditions : the  resulting  cheeses  shall  be  so  much  alike 
as  to  make  it  impossible  to  say  from  which  district  each  comes. 

On  the  other  hand,  let  a given  quantity  of  milk  be  distributed  into 
half-ft-dozen  vessels  in  the  same  dairy,  and  equal  in  every  respect,  and 
let  these  be  made  into  cheese  by  as  many  different  methods : the  results 
shall  be  as  if  they  had  actually  been  made  in  the  districts  in  which 
those  methods  are  usually  pursued. 
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A system  consists  of  a number  of  practices  based  upon  certain 
principles,  and  so  related  to  each  other  and  applied  as  to  give  certain 
definite  results,  which  may  be  repeated  from  day  to  day  simply  by 
repeating  the  system  and  its  conditions.  Such  a system  may  be 
named  after  the  district  where  it  first  came  into  use,  or  after  its 
originator  ; but  when  once  the  name  has  become  associated  with  the 
cheese  made  under  it,  all  goods  so  made  in  any  part  of  the  earth  should 
bear  its  name.  In  this  way  only  can  we  avoid  endless  confusion. 

Characteristics  of  Good  Cheese. — The  best  system  is  that  which 
gives  the  most  good  equalities,  and  the  fewest  defects  in  its  product, 
considered  as  a food.  The  qualities  desirable  in  cheese  are — 

(a.)  Quality , or  richness , arising  from  such  a proportion  of  fat  as 
will  properly  balance  the  casein,  and  a mellow,  plastic  condition 
of  the  latter,  caused  partly  by  moisture  and  partly  by  fermentation. 
The  larger  the  proportion  of  fat  in  the  milk  used,  within  certain 
limits,  and  the  more  skilful  its  management  with  a view  to  avoid 
waste  of  it,  the  better  will  be  the  quality  of  the  product.  The 
conditions  already  described  as  influencing  the  composition  of 
milk,  and  the  fact  that,  of  all  its  constituents,  fat  is  the  most  quickly 
and  largely  increased  or  decreased,  will  be  remembered  here,  and 
their  importance  realised.  Sometimes  fat  is  intentionally  removed 
from  milk  before  cheese  is  made,  and  this,  of  course,  reduces  the  value 
of  the  latter ; but  by  a suitable  treatment  foods  of  considerable  value 
can  be  made  from  such  milk.  A fragment  of  cheese  crushed  between 
the  thumb  and  finger,  and  rubbed  abroad,  will  reveal  its  equality — the 
softness  and  unctuousness  of  the  rich  being  easily  distinguished  from 
the  dryness  and  resistance  of  the  poorer,  with  many  gradations 
between,  only  to  be  recognised  by  experience. 

( b .)  Digestibilit y. — The  value  of  any  food  cannot  be  determined  by 
its  nutrients  in  the  gross,  but  only  by  the  proportions  of  these  nutrients 
which  can  be  secured  for  the  building  up  of  the  system  and  for  its 
other  needs.  Here  the  digestion  steps  in,  and  determines  whether 
cheese  is  or  is  not  suitable  for  any  person,  according  as  he  may  or 
may  not  be  able  to  digest  its  casein,  and  by  so  doing  also  set  free  all 
its  fat  for  use.  This  is  not  by  any  means  decided  only  by  the  digestive 
powers  of  the  consumer.  The  cheeses  of  different  systems  differ  in 
relative  digestibility,  and  even  the  goods  of  the  same  maker  ; and 
while  some  are  half-digested  in  the  making,  and  are  therefore  easily 
dealt  with  by  the  ordinary  human  stomach,  others  resist  the  gastric 
juice  so  successfully  as  to  be  of  low  food  value.  It  is  of  the  utmost 
importance  that  cheese  should  be  digestible  for  this  economic  reason, 
and  no  less,  because  if  it  fails  in  this  respect,  it  interferes  with  the 
health,  producing  constipation,  nausea,  and  other  harmful  effects, 
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disturbing  the  comfort  of  the  consumer,  and  discouraging  his  use  of 
cheese  altogether. 

(c.)  Freedom  from  objectionable  substances. — This  includes  the 
ptomaines  of  the  unfriendly  ferments,  waste  animal  or  disease  pro- 
ducts, the  vegetable  oils  or  juices  producing  non-putrefactive  taints, 
and  anything  added  to  the  milk  not  entirely  natural  to  it  or  necessary 
to  the  production  of  the  cheese.  The  whole  matter  is  concerned  with 
the  soundness  and  integrity  of  the  raw  material,  which  should 
neither  be  tampered  with  by  doubtful  chemicals,  nor  enriched  with 
animal  fats,  nor  allowed  to  damage  the  consumer  by  carrying  into 
his  system  anything  liable  to  cause  even  temporary  disturbance. 
We  have  known  of  dairyers  who  actually  employed  copper  dissolved 
in  sulphuric  acid  to  correct  the  tendency  of  cheese  to  go  out  of  shape 
under  bad  forms  of  fermentation.  The  poisonous  nature  of  the 
curative  agency  was  worse  than  the  disease  it  was  intended  to  cure. 
When  once  the  addition  of  animal  fats  to  creamed  milk  is  taken 
up,  it  is  impossible  to  say  where  it  will  stop  in  the  direction  of 
danger  to  the  consumer.  It  is  plain  enough  that  animal  diseases 
and  disease  products  may  be  directly  introduced,  to  say  nothing 
of  the  questionable  trade  practices  encouraged.  The  only  wise 
policy,  in  spite  of  the  opinions  of  certain  authorities  to  the  contrary, 
is  to  let  it  severely  alone. 

(d.)  Flavour  and  odour. — These  are  of  great  importance  in  the 
eyes  of  the  cheese  consumer,  with  whom  what  is  pleasant  and  natural 
is  almost  everything.  He  will  pay  a good  price  for  a fine  flavoured 
article,  and  use  it  constantly  ; and,  in  the  absence  of  this  quality,  no 
faith  in  the  nutritive  value  of  the  food  will  persuade  him  to  counten- 
ance it.  Therefore  the  money  value  of  the  product  is  reduced  by 
taints  of  any  kind.  The  management  has  also  a powerful  influence 
in  the  case.  Some  kinds  of  cheese  are  made  with  a view  to  mildness, 
others  for  high  flavour,  and  attract  different  customers  accordingly. 

(c.)  Keeping  quality. — This  is  dependent  upon  the  soundness  of 
the  milk,  the  tendency  of  the  system,  and  the  conditions  under 
which  the  product  is  kept.  The  first-named  point  should  be  secured 
in  any  case,  and  the  last  should  be  favourable  to  long  preservation 
as  far  as  may  be  consistent  with  other  aims,  but  the  management 
will  be  ruled  by  the  purpose  of  the  maker.  Different  systems  give 
different  degrees  of  this  quality — in  one  it  is  aimed  at  ; in  another  the 
cheese  is  intended  for  early  consumption,  and  the  system  is  con- 
structed to  give  that  result,  which  is  altogether  inconsistent  with 
long  keeping.  The  advantage  is  great  in  one  case,  in  the  other  it 
is  of  little  consequence.  Most  of  the  kinds  which  are  liable  to  early 
spoiling  fetch  higher  prices,  and  therefore  cover  the  evident  risks 
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attending  on  accumulation  of  stocks  and  uncertain  demand  ; while 
the  others,  though  of  lower  market  value,  are  safer,  because  they 
improve  by  keeping,  within  proper  limits.  'I  hcse  opposite  aims  and 
their  consequences  will  be  illustrated  as  occasions  arise. 

(/)  Firmness  ami  texture. — These  are  almost  entirely  controlled 
by  management,  though  the  character  and  condition  of  the  milk 
have  some  bearing  on  them.  A firm  and  close  cutting  cheese  is 
safer  in  handling,  and  more  economical  in  use,  than  one  of  loose 
texture.  Dryness  and  hardness,  however,  are  very  undesirable  ; 
also  crumbliness  and  “chippiness”  (the  breaking  of  an  apparently 
solid  cheese  into  chips  or  angular  fragments);  while  “toughness” 
and  “ soapiness,”  which  are  well  described  by  their  terms,  are  at  the 
opposite  extremes,  and  should  be  avoided. 

(g.)  Size  and  shape. — These  are  of  more  consequence  than  would 
at  first  appear.  Cheeses  of  a soft  character  can  only  be  made  in 
small  sizes,  while  the  harder  kinds  are  better  in  larger  forms.-  They 
must  in  any  case  be  portable  without  undue  risk  of  breakage,  and 
with  as  little  loss  by  drying  as  is  consistent  with  other  purposes. 

Local  and  trade  customs  have  combined  to  attach  an  unnecessary 
importance  to  size  and  shape  as  they  relate  to  the  naming  of  cheese 
varieties.  It  is  supposed  that  one  variety  must  be  cylindrical,  and 
another  flat,  in  order  to  bear  certain  names  ; but  this  is  an  error. 
A cheese  may  be  made  in  any  conceivable  form  or  size,  and  yet  be 
properly  named  after  its  producing  system. 

The  qualities,  a , b , d,  e,  and  /,  are  largely  dependent  on  the  same 
principles  of  the  manufacturing  system,  and  bound  up  together. 
There  is  an  old  maxim  that  “ a good  cheese  is  never  of  an  ill  shape,” 
the  term  “shape”  here  referring  to  the  bulging  and  ungainliness 
seen  in  many  inferior  examples.  This  would  point  to  a bad  texture 
and  insufficient  firmness,  and  almost  invariably  be  accompanied  by 
low  keeping  quality,  objectionable  flavour,  and  general  lack  of  value; 
points  which  would  place  it  beyond  the  pale  of  even  comparative 
“goodness”  and  worth. 

A cheese  combining  the  afore-named  good  qualities  in  the  highest 
degree  is  not  to  be  excelled  in  food  value  by  any  solid  food  obtain- 
able. We  do  not  mean  by  this  that  there  are  not  more  highly 
concentrated  foods,  for  such  there  are,  but  they  are  not  used  in 
the  same  manner  as  cheese.  Extract  of  beef,  for  example,  is  not 
eaten  at  the  rate  of  a few  ounces  to  a meal.  Nor  do  we  mean  that 
cheese  may  be  used  by  itself.  It  needs  a balancing  of  carbonaceous 
food,  such  as  bread  and  fruits.  A comparison  of  cheese  with  other 
foods,  such  as  butcher’s  meat,  shows  that  pound  for  pound  it  is  much 
more  nutritious  ; but  figures  are  eschewed,  because,  apart  from  an 
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exhaustive  statement  of  conditions,  and  descriptions  of  all  the  articles 
concerned,  they  would  only  mislead. 

Separation  of  Milk  Solids. — In  separating  the  constituents  of 
cheese  from  milk,  the  dairyer  has  to  choose  between  albumin  and 
casein ; for  these  cannot  both  be  secured  at  once,  coagulation  taking 
place  in  their  respective  cases  only  under  different  agencies.  So, 
as  the  casein  is  both  in  the  largest  quantity,  and  of  the  more 
manageable  character,  it  is  chosen,  and  the  albumin  is  allowed  to 
pass  off  in  the  serum. 

In  a general  way  the  dairyer  secures  about  half  of  the  milk  solids, 
the  remainder  passing  off  in  the  whey.  Taking  an  average  milk,  its 
constituents  are  distributed  about  as  follows  by  English  systems, 
viz.  : — 


Curd. 

Whey. 

Water 

5-50 

82.  IO 

Eat 

3.00 

.25 

Albumin 

T race 

■45 

Casein  and  j 
Nuclein  ) 

. 3.1c 

. 10 

Albuminose  andj 
Lactochrome  ) 

T races 

.20 

Sugar 

.20 

4-35 

Ash' 

.20 

•55 

12.00 

88.00 

These  figures  are  not  intended 
to  represent  the  average  com- 
position of  curd  and  whey,  but 
only  the  proportion  of  each  con- 
stituent as  shared  between  the 
two  physical  divisions  into 
which  cheese-making  separates 
milk. 

In  some  systems  the  solids 
lost  in  the  whey  would  be  less, 
in  others  more,  and  in  each 
system  they  would  vary  with  the  skill  and  care  of  the  maker,  and  with 
the  kind  of  implements  used. 

Stages  of  Cheese-making. — These  may  in  general  be  stated  as 
seven  in  number.  They  do  not  follow  each  other  in  the  same  order 
in  every  system,  but  may  be  taken  as  given  here  for  comparison,  and 
for  establishment  of  the  relations  between  the  several  stages,  and  of 
their  individual  and  combined  relations  to  the  result.' 

(i.)  Ripeness  and  ripening—  These  terms  convey  a correct  idea  of 
the  principles  involved  in  this  section  of  the  work.  A familiar 
parallel  occurs  with  fruit.  An  apple  or  pear  is  at  its  best  for  eating 
when  it  has  reached  a stage  known  by  the  term  “ripeness.”  Up  to 
that  point  it  is  improving,  beyond  it  the  progress  is  towards  decay. 
The  natural  changes  are  proceeding,  and  we  simply  wait  for  them  in 
order  to  derive  the  largest  degree  of  benefit  and  pleasure  from  eating 
the  fruit.  We  may,  however,  cook  it  at  an  earlier  time,  and  bring 
about  such  an  immediate  alteration  in  its  condition  as  will  fit  it  for  eating. 

Now,  just  in  the  same  practical  sense,  there  is  a certain  condition  of 
milk  in  which  it  may  most  successfully  be  made  into  cheese;  and  to  do 
so  before  or  after  it  has  reached  that  point,  is  to  invite  more  or  less  of 
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failure,  as  the  actual  condition  is  more  or  less  remote  from  the  proper 
one.  But  we  can  either  wait  for  that  condition,  or  hasten  it,  as  may 
seem  best  in  view  of  our  several  aims.  Ripeness  in  milk  is  really  a 
stage  of  fermentation,  and  arises  out  of  the  action  of  the  friendly 
L.A.  and  C.  ferments.  The  activities  of  other  ferments  are  liable  to 
disturb  those  of  the  friendly  ones,  and  the  indications  in  testing  by 
which  their  progress  is  ascertained. 

In  the  slightly  alkaline  condition  of  the  milk  it  is  unfit  for  our 
purpose.  After  it  has  passed  out  of  that  and  the  neutral  state,  it  is 
steadily  improving  up  to  the  point  desired.  That  stage  of  ripeness  is 
not  the  same  in  every  system,  and  the  highest  is  but  on  the  threshold 
of  fermentative  possibilities.  In  some  systems  it  will  appear  to  be 
almost  disregarded;  but  it  is  not  so,  for  though  the  process  of  manu- 
facture is  started  without  allowing  the  milk  to  show  any  evidences  of 
acidity,  in  such  cases  the  fermentation  is  provided  for  later  in  the 
work,  and  this  very  early  stage  is  properly  called  ripeness  for  that 
system.  In  other  systems  the  progress  of  the  fermentation  must  be 
well  marked  and  ascertained  before  any  attempt  is  made  to  enter  on 
the  next  part  of  the  process.  It  is  by  these  variations  that  those  in 
the  products  are  partly  obtained  and  regulated. 

The  general  tendency  of  the  friendly  forms  of  fermentation  is  to 
firmness  in  the  coagulum,  and  hardness  in  the  cheese  ; for  though  the 
C.F.  distinctly  checks  the  special  inclination  of  the  L.A.F.  to  that 
result,  there  is  reason  to  believe  that  it  helps  to  provide  the  conditions 
necessary  to  the  life  and  activity  of  its  powerful  neighbour.  There- 
fore coagulation  by  fermentation  alone  would  not  give  a satisfactory 
food  product,  and  the  C.F.  would  have  a heavy  task  before  it  to 
reduce  the  curd  even  to  a comparatively  digestible  state,  before  the 
other  ferments  could  carry  their  work  far  enough  to  make  it  unfit  for 
use  by  reason  of  general  decay.  This  is  not  the  case  in  cheese- 
making, however,  for  another  agent,  rennet,  is  brought  into  the 
reckoning,  but  it  is  a distinct  advantage  to  know  what  the  ferments 
could  do  alone,  in  order  to  estimate  their  power  in  combination  with 
other  forces. 

The  alkalinity  of  the  milk  has  to  be  neutralised  in  any  case,  and 
in  proportion  of  this  will  be  the  amount  of  work  to  be  done,  and  the 
time  to  be  allowed,  or  help  provided  for  doing  it,  before  ripenes^can 
be  reached.  Here  comes  in  the  influence  of  the  soil  and  its  Ca  salts  ; 
when  these  are  in  excess,  more  fermentation  must  needs  be  allowed 
for  to  secure  the  right  condition,  and  this  is  found  in  practice  to  do  so. 
Here  also  we  believe  the  influence  of  fermented  foods  is  felt,  reducing 
that  of  the  alkaline  salts,  and  possibly  in  some  cases  neutralising 
them  fully.  While  it  may  seldom,  if  ever,  be  detected  in  the  milk  by  an 
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acid  smell  or  taste,  it  certainly  narrows  the  time  necessary  for  ordinary 
fermentation  to  produce  coagulation.  Hence  the  feeding  of  silage, 
grains,  &c.,  must  be  kept  in  memory  when  estimating  probabilities. 

The  state  of  the  milk  after  it  comes  from  the  cow  is  rendered  so 
variable  by  the  many  influences  described  in  the  last  two  chapters, 
that  it  cannot  be  depended  on,  and  must,  from  the  outset,  be  the  sub- 
ject of  careful  tests  and  calculations.  In  cases  where  the  evening’s 
milk  must  rest  until  next  day  before  it  is  made  up,  the  necessity  for 
these  commences  as  soon  as  it  comes  into  the  dairy.  It  cannot  pro- 
perly be  left  to  take  care  of  itself ; its  condition  at  the  time  that  the 
manufacturing  process  commences  will  be  according  to  its  manage- 
ment in  the  interval,  and  we  can  understand  how  a few  degrees  of 
temperature  may  make  a great  difference  between  the  experiences  of 
two  days  in  this  respect.  Therefore  the  dairyer  should  watch  the 
barometer,  the  thermometer,  and  all  other  indications  of  the  pro- 
bable state  of  the  air  during  the  night ; and  while  allowing  for  possible 
sudden  unfavourable  changes,  and  making  himself  safe  against  an 
excess  of  fermentation,  he  should  provide  for  as  much  progress  to- 
wards the  needful  ripeness  as  may  be  made  within  that  safe  point. 

If  to  the  night’s  milk  the  morning’s  is  to  be  added,  then  more 
progress  may  be  allowed  in  order  to  bring  the  mixed  milks  speedily  to 
the  ripe  stage.  But  it  will  be  readily  agreed  that  as  a deficiency  may 
be  made  good,  while  an  excess  cannot  be  got  rid  of  by  means  suitable 
to  the  case,  the  wise  dairyer  will  choose  to  come  out  every  time  some- 
what below  his  standard  rather  than  the  least  beyond  it. 

In  this  event  he  will  have  to  encourage  fermentation  in  the 
morning,  and  three  methods  are  open  to  him. 

(a.)  The  milk  may  be  kept  at  the  temperature  suitable  to  the 
opening  processes  until  it  is  ripe.  This  is  the  best  method,  when  the 
result  may  be  obtained  in  a quarter  of  an  hour;  but  from  that  time 
onwards  it  is  an  undesirable  waste  of  time,  which  is  no  mere  matter 
of  the  dairyer’s  convenience,  but  one  of  consequence  to  the  later  part 
of  the  day’s  work.  While  time  must  not  rule  the  process,  but  be 
servant  to  it,  it  is  yet  unwise  to  lose  any,  as  will  be  realised  when  the 
methods  are  described  as  in  practice.  Here  he  will  have  to  test  the 
milk  frequently  until  he  finds  the  evidence  of  ripeness. 

(A)  The  milk  may  be  heated  to  a temperature  at  which  fermentation 
will  be  more  rapid,  and  from  which  he  can  safely  return  to  the  process- 
temperature  within  the  time  necessary  to  the  ripening.  This  involves 
some  very  careful  calculation,  for  it  is  easy  to  go  so  far  as  to  reach 
ripeness  before  it  is  possible  to  return  to  the  right  temperature  for 
other  purposes,  when  the  choice  is  offered  of  either  starting  at  a too 
high  temperature,  or  allowing  the  milk  to  become  over-ripe,  in  order 
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to  have  the  right  temperature.  Again,  it  is  equally  easy  to  full  shoit 
of  ripeness  when  the  process-temperature  is  reached,  and  to  be  com- 
pelled to  waste  time  waiting  on  it,  and  while  this  would  be  bettei 
than  the  previous  case,  neither  is  satisfactory.  Experience  only  can 
give  a safe  judgment.  Here,  too,  a test  is  needed  at  the  start  as  a 
basis  for  calculation,  and  throughout,  to  determine  the  progressive 
condition.  The  highest  temperature  which  can  be  of  real  use  is  97  F., 
at  which  the  friendly  fermentations  proceed  most  rapidly,  and  beyond 
which  no  gain  can  be  made,  except  as  the  return  through  the  most 
favourable  ranges  of  temperatures  would  be  longer  maintained.  But 
it  is  rarely  if  ever  that  this  is  necessary. 

(c.)  A fermented  material,  such  as  milk,  partly  or  fully  creamed, 
or  whey,  may  be  employed  to  introduce  its  many  active  ferments 
into  that  which  requires  to  be  ripened,  and  so  to  hasten  the  result. 
The  advantages  and  dangers  of  this  course  will  occur  to  us  at  once. 
Time  is  saved,  a definite  effect  can  be  relied  upon  with  proper 
management,  and  no  small  amount  of  watching  and  waiting  is  dis- 
posed of.  On  the  other  hand,  the  practice  is  admittedly  liable  to 
abuse,  and  in  careless  hands  may  do  far  more  harm  than  good.  Not 
only  may  the  effect  exceed  or  fall  short  of  the  ripeness,  if  the  calcula- 
tions are  wrong  ; but  mischievous  ferments  may  be  conveyed  into  fresh 
milks  from  day  to  day  with  disastrous  effects.  At  a first  glance  it  would 
seem  as  if  the  risks  are  greater  than  the  benefits.  But  is  there  any 
necessity  for  such  risks?  We  believe  there  is  not.  In  our  own 
experience  they  have  rarely  arisen,  and  these  might  have  been  avoided 
with  proper  watchfulness  of  the  persons  responsible.  If  suitable 
precautions  are  taken,  the  results  are  under  control  of  the  dairyer, 
as  will  be  seen. 

The  ripening  material  should  be  kept  in  a stoneware  or  glass 
vessel,— not  in  a wooden  or  metal  one,  because  of  the  influence  of 
the  acid  on  either,  soaking  into  the  one  and  acting  chemically  on  the 
other,  also  entering  into  the  pores  of  tinned  plates  when  the  surface 
metal  is  worn  off.  The  vessel  must  be  kept  scrupulously  clean,  scalded 
with  boiling  water,  and  afterwards  aired  and  cooled,  before  receiving 
a fresh  supply.  It  is  not  wise  to  take  the  ripening  material  from  a 
large  body  of  whey  which  has  been  kept  for  skimming  ; in  such 
quantities,  the  liability  to  excessive  fermentation,  and  dangerous  forms 
of  it,  is  greater  than  with  small  quantities.  The  material  must  also  be 
kept  in  a pure  air,  where  no  smells  or  putrefactive  germs  from  the 
farm-yards  or  other  sources  can  reach  it. 

When  using,  it  is  necessary  first  to  learn  the  stage  which  fermen- 
tation has  reached  in  (a)  the  milk  and  (b)  the  material,  and  to  estimate 
how  much  of  the  latter  is  required  to  produce  the  proper  condition  in 
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the  former.  This  must  be  clone  in  view  of  distinct  and  understand- 
able conditions,  taking  into  account  everything  which  can  affect  the 
results.  It  does  not  serve  to  put  such  ripener  into  the  milk  to-day  at 
half-an  hour  before  the  coagulating  process  commences,  and  to-morrow 
at  only  two  minutes  before  that  time,  and  yet  to  calculate  the  quantity 
to  be  added  on  the  same  basis  in  each  case. 

It  is  quite  admissible  for  the  addition  to  take  place  at  any  safe 
time,  if  only  proper  allowance  be  made  for  the  variations  involved  ; 
but  if  these  be  neglected,  disappointment  must  follow.  It  is  best  to 
adopt  a regular  practice  and  adhere  to  it,  rather  than  to  run  the  risks 
of  error  by  daily  changes  in  the  calculations  arising  out  of  those 
made  in  the  details  of  management. 

Moreover,  the  state  of  the  material  is  as  important  as  that  of  the 
milk.  Suppose,  for  instance,  that  between  the  ripening  materials 
used  in  two  days’  experience  the  litmus  test  showed  the  difference 
represented  by  the  colour  indications  of  O and  P in  the  colour-plate, 
it  would  be  plainly  unreasonable  to  use  equal  quantities  of  these  to 
bring  about  equal  effects.  The  conditions  which  help  or  hinder 
fermentation  in  the  milk  will  similarly  influence  the  material  used 
for  ripening,  and  in  heavy  weather  the  latter  will  make  much  more 
advance  than  in  bright  or  cold  weather. 

Unwearying  watchfulness  must  be  maintained  over  the  forms  of 
fermentation  possible  to  the  ripening  material.  If  it  be  found  in 
possession  of  any  taint-producing  ferment,  it  should  not  be  used  under 
any  circumstances.  In  general  the  sense  of  smell  will  give  warning, 
but  must  not  be  depended  upon  in  any  case  of  doubt.  Other  tests 
confirming  suspicion,  the  dairyer  should  fall  back  on  the  heating 
process.  With  such  care,  there  need  be  no  mishaps,  and  security  is 
the  reward  of  the  painstaking. 

Comparing  this  method  with  the  preceding  one,  it  may  be  said 
that  this  is  more  easily  reduced  to  rules,  and  therefore,  literally,  less  of 
a tax  on  the  judgment  than  the  heating  process.  Two  other  special 
benefits  must  be  noticed. 

Though  the  L.A.  and  C.  ferments  are  usually  so  numerous  as  to  be 
able  to  maintain  their  proper  leading,  with  its  corresponding  check 
upon  other  ferments,  yet  they  are  not  always  so  numerous  or  so  able. 
In  such  case  the  heating  helps  their  mischievous  rivals  to  overcome 
them  ; while  the  use  of  a ripener,  in  which  the  friendly  ferments  are  in 
power,  brings  these  to  the  help  of  their  kindred,  and  gives  them  a 
great  advantage. 

The  second  touches  the  alkalinity  of  milk.  The  ripener  contains 
acid  already  formed,  which  partly  or  wholly  corrects  the  opposite 
condition  at  once,  and  thus  reduces  the  task  of  the  ferments  and 
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places  them  under  more  favourable  circumstances  for  doing  it. 
Heating  would  more  slowly  effect  the  same  result,  but  would  not 
give  the  chemical  conditions  at  the  outset ; these  the  ferments  must 
create  for  themselves,  while  unfriendly  ferments  may  gain  ground  in 
the  meantime.  This  last  point  we  take  by  inference  from  facts 
observed  in  the  dairy. 

The  ripening  materials  may  now  be  compared.  Milk  has  been 
mentioned.  This  may  be  set  aside  as  whole  milk  ; but  by  the  next 
day,  when  it  is  wanted,  much  cream  will  have  risen,  and  this  should 
be  removed,  as  nothing  is  to  be  gained  by  putting  it  into  the  new  milk 
beyond  the  slight  gain  in  fat,  which,  on  any  quantity  required  for  our 
present  purpose,  will  be  trifling.  Milk  mechanically  creamed  or 
separated  will  serve  even  better,  because  the  process  of  its  creaming 
rids  it  also  of  any  foul  solid  matter  it  may  have  contained,  and  by  so 
much  brings  it  nearer  to  absolute  purity  and  freedom  from  risks  of 
bad  fermentation.  But  neither  form  of  milk  is  at  all  commonly  used, 
probably  because  neither  is  convenient.  Whey  is  ready  to  the 
dairyer’s  hand,  and  whatever  of  the  supply  set  aside  is  left  after  the 
demands  of  the  day’s  cheese-making  have  been  met,  goes  without  loss 
to  the  general  destination  of  all,  the  pigstyes.  It  might  seem  that 
either  milk,  being  most  nearly  like  that  requiring  help,  would  be  more 
likely  than  whey  to  contain  the  ferments  in  correct  relative  proportions 
of  number  and  power.  The  almost  entire  removal  of  the  casein  in  the 
cheese  would  suggest  a deficiency  of  the  C.F.,  and  a necessarily 
undue  prominence  of  the  L.A.F.  in  the  whey.  But  it  must  be  remem- 
bered, that  while  the  latter  has  its  advantage  in  much  more  sugar 
than  it  can  deal  with,  the  C.F.  germs  are  present  in  full  force,  and 
have  only  need  of  the  favourable  temperature,  and  the  presence  of 
casein  in  the  milk  under  treatment,  to  start  into  full  life  and  activity. 

It  is  also  questionable  whether  the  C.F.  cannot  live  on  albuminose, 
or  even  albumin,  in  such  cases  ; but  whether  or  not,  there  is  no 
evidence  in  practice  that  the  effect  of  whey  is  to  increase  acidity  out 
of  proportion  to  the  casein  fermentation, — z>.,  no  irregularity  in  action, 
such  as  an  ill  balance  of  the  two  ferment  influences  could  cause, 
appears  to  arise  out  of  the  use  of  it.  So  far  as  theory  goes,  there  is 
nothing  to  discount  the  employment  of  whey.  What  does  experience 
teach  ? 

Many,  probably  nearly  all,  of  the  best  cheese-makers  in  this 
country  and  America  have  used — or,  if  among  the  living,  still  use — 
whey,  with  entire  satisfaction.  But  many  others  have  made  bad  work 
with  it,  and  this  has  led  certain  prominent  teachers  on  both  sides  of 
the  Atlantic  to  discontinue  it  altogether.  The  abuses  which  they 
discovered  seemed  only  to  be  curable  by  such  a course.  We  have 
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witnessed  these  also  ; the  keeping  of  whey  in  any  filthy  vessel  of  wood 
or  tin,  and  that  cleaned  once  a week  only,  or  even  more  seldom,  and 
never  scalded  ; or  the  supply  taken  from  a huge  wooden  tank  in  which 
the  whey  was  kept  for  creaming,  and  the  cream  on  which  was  often 
so  highly  fermented  as  to  be  frothy  ; the  measuring  it  into  the  milk 
by  “bucketfuls”  and  “bowlfuls”  (!),  in  great  excess,  and  with  only 
the  roughest  calculation  of  the  needs  of  the  case, — all  these  we  have 
seen,  and  admit  that  they  argue  a state  of  affairs  which  justified  a 
radical  remedy.  One  dairyer  of  the  gentle  sex  has  been  known  to 
pour  the  whole  of  the  whey  retained  for  ripening  into  the  milk,  and 
upon  being  told  that  it  was  far  too  much,  asked  what  was  the  good  of 
keeping  it  if  it  was  not  used!  Nor  were  these  rare  examples,  but 
only  types  of  common  experience.  We  have  but  few  home-taught 
dairyers  who  make  a proper  and  intelligent  use  of  whey,  and  those 
few  are  among  the  famous. 

In  trying  to  kill  so  serious  and  widespread  an  evil,  it  appeared  to 
be  necessary  to  instruct  the  people  in  some  process  of  ferment-encour- 
agement entirely  new  to  them.  When,  however,  those  who  attempted 
this  fell  to  denouncing  whey  as  unnatural,  and  as  unfit  as  vinegar,  they 
overshot  their  mark  and  weakened  their  cause.  Acetous  fermentation 
is  very  different  from  the  L.A.  fermentation,  which  is  equally  natural 
to,  and  found  alike  in,  milk  and  whey  ; nor  would  there  be  in  vinegar 
the  C.F.  so  necessary  to  the  cheese-maker.  Their  eloquence,  how- 
ever, availed  with  those  who  were  not  aware  of  its  errors  to  put  down 
the  use  of  whey  in  some  districts,  though  by  no  means  generally  in 
either  country. 

Since  fermentation  has  been  better  understood,  the  question  has 
been  reconsidered  ; and  the  chief  teachers  are  recommending  the  use 
of  a “ starter,”  which  is  neither  more  nor  less  than  such  fermented 
material  as  our  forefathers  have  employed  time  out  of  mind.  Nor 
must  the  “ starter,”  either  as  taught  or  commonly  understood,  be 
confounded  with  the  “ pure  cultivations  ” of  the  bacteriologist,  which 
are  proposed,  and  by-and-by  will  be  called  for,  as  an  aid  to  our  pur- 
pose. It  means  simply  milk  or  whey,  cream,  creamed  milk,  or 
buttermilk,  as  the  dairyer  may  reign  over  a cheese  or  butter  dairy. 

In  view  of  the  greater  knowledge  of  the  matter,  and  the  improve- 
ment daily  wrought  in  the  cleanliness  and  other  conditions  of  the 
dairy,  the  cure  of  the  old-time  whey  abuses  may  be  confidently 
reckoned  on.  At  any  rate,  it  may  be  finally  said  that  those  who  are 
not  desirous  or  capable  of  improvement  in  the  use  of  whey,  will 
prove  equally  untoward  with  the  other  methods. 

The  frontispiece,  with  its  gradations  of  colour,  exhibiting  the 
characteristic  reactions  of  litmus  paper,  gives  the  foundations  to  the 
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safe  management  of  milk  fermentation  by  any  process,  provided  the 
friendly  ferments  alone  rule;  and  this  proviso  may  be  ascertained 
by  the  rennet  and  heating  tests,  and  by  the  smell  and  behavioui  of 
the  milk.  The  applications  of  these  will  be  referred  to  in  connection 
with  the  systems  in  practice. 

(2.)  Coagulation  of  the  casein. — This  is  the  next  in  order,  and  is 
brought  about  by  a special  agent  acting  with  a suitable  heat,  and  the  ripe- 
ness just  described.  The  coagulating  agent  is  rennet , produced  from  the 
abomasum  or  fourth  stomach  of  the  calf.  The  dairyer  imitates  nature 
by  exposing  the  milk  to  the  digestive  action  of  the  gastric  juice  ; just 
as  it  is  done  in  the  living  animal,  but  with  a much  lower  proportion 
of  the  juice  to  the  milk  treated.  This  is  reasonable,  for  the  calf  must 
immediately  reduce  its  milk-meal  to  a form  in  which  it  can  be  made 
into  blood,  while  the  dairyer  wants  to  hold  his  product  at  con- 
venience. The  calf  secretes  enough  gastric  juice  in  a day  to 
coagulate  ten  gallons  of  milk  in  one  minute  ; but  the  action  is 
instantaneous,  and  is  intended  to  carry  on  the  reduction  of  coagulum 
to  peptone  form  within  an  hour  or  two  at  the  outside.  The  only 
other  differences  between  the  case  of  the  calf  and  that  of  the  cheese- 
maker  lie  in  the  accompanying  conditions.  The  milk  food  is  not 
ripened ; the  tendency  of  the  L.A.F.  would  be  mischievous,  as 
checking  the  action  of  the  juice,  hardening  the  coagulum,  and  thus 
hindering  the  digestive  process.  Nor,  on  the  other  hand,  has  the 
juice  any  help  from  the  C.F.  or  kindred  microbes.  Even  if  present, 
their  action  must  be  so  slow  in  comparison  with  the  juice,  as  to 
practically  put  them  out  of  the  reckoning. 

Apart  from  these  distinctions,  the  cheese-maker’s  imitation  of 
natural  conditions  is  remarkably  close.  The  gastric  juice  meets  the 
need  of  milk  digestion,  as  it  only  can  when  that  food  is  the  sole 
source  of  nutriment.  As  soon  as  the  food  is  changed  to  cereal 
products  and  grasses,  even  though  milk  may  be  retained  in  some 
degree,  the  composition  of  the  juice  changes  to  meet  the  new  re- 
quirements, and  is  no  longer  so  powerful  for  dealing  with  milk  as 
it  was.  This  explains  the  fact  that  the  strongest  stomachs,  or  veils 
as  they  are  called  in  the  trade,  are  those  which  are  taken  from  calves 
solely  milk-fed,  and  the  relative  values  of  others  depends  on  the 
extent  to  which  milk  has  continued  to  be  a part  of  the  diet.  It  is 
usually  taken  for  granted  that  the  Irish  veils  are  obtained  from 
milk-fed  calves  only,  and  they  have  therefore  a high  reputation 
among  those  who  make  their  own  rennet. 

I he  calf  is  fasted  for  some  hours  beyond  the  ordinary  intervals 
of  feeding,  in  order  to  the  largest  quantity  of  the  juice  ; but  this 
extra  secretion  does  not  long  continue,  falling  off  with  the  loss  of 
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vigour  which  necessarily  accompanies  even  the  beginning  of  hunger. 
If  the  fasting  is  carried  beyond  that  point,  the  stomach  becomes 
inflamed,  and  carries  its  evidence  of  this  in  an  unnatural  redness 
which  will  mark  it  out  in  contrast  to  good  veils  as  diseased  and  to 
be  thrown  aside.  At  the  same  time  the  digestive  value  of  the 
secretion  is  damaged.  The  use  of  such  veils  is  more  wasteful  than 
their  rejection.  There  are  two  forms  in  which  veils  are  cured  and 
sold,  viz.,  in  wet  salt,  and  stretched  on  sticks  and  salted  dry.  The 
former  is  followed  by  the  Irish,  the  latter  by  the  Continental  curers. 

The  home-making  of  rennet  has  been  long  practised  in  ways 
more  or  less  satisfactory.  The  old-time  practice  of  soaking  a piece 
of  a veil  in  water  shortly  before  use,  and  of  making  a steep  in  whey, 
are  both  bad  ; the  former  wasteful  and  uncertain,  the  latter  liable 
to  give  mischievous  forms  of  fermentation.  The  best  method  is  to 
boil  and  filter  rain-water,  in  which  mineral  impurities  are  in  the  least 
possible  proportion,  and  to  add  to  this  as  much  salt  as  it  will  dis- 
solve, adding  the  veils  when  it  has  cooled  to  the  air  temperature,  and 
at  the  rate  of  four  to  every  gallon.  They  should  be  kept  in  steep 
for  a month,  turned  inside  out,  and  at  frequent  intervals  wrung  and 
rubbed.  The  best  vessel  for  the  purpose  is  a stoneware  jar  (Fig. 
1 8,  a),  provided  with  a cover  b (shown  reversed),  the  strips  on  which 

give  ventilation.  A piece  of  muslin  of  open 
texture  tied  over  the  whole,  as  in  «,  will  keep 
out  dust.  Ten  fluid  ounces  (half  pint)  of  a 
rennet  so  made  with  best  Irish  veils  will 
coagulate  ioo  gallons  of  milk  ripened  to  E 
standard  (colour  plate),  and  form  a good 
curd  in  an  hour,  as  required  for  most  Eng- 
lish systems.  Otherwise  stated,  this  rennet 
coagulates,  under  such  conditions,  1,600 
times  its  own  measure  of  milk  ; and  this 
may  be  taken  as  a standard,  and  the  strength 
of  any  other  rennet  stated  in  comparison,  as 
when  one  coagulates  4,000  its  own  measure 
of  milk,  its  strength  may  be  described  as  2.5 
times  that  of  the  standard. 

There  is  one  difficulty  with  brine  steeps, 
Fig.  t8.— Rennet  Jar.  for  this  material,  though  a good  preservative, 

does  not  extract  the  veil  strength  satisfac- 
torily, and  eight  veils  once  so  used  will  make  a second  gallon  of  steep. 
So  it  was  proposed  some  years  ago  to  steep  in  boiled  and  filtered  rain- 
water, or  distilled  water,  for  several  days,  to  procure  more  complete 
extraction,  and  then  to  saturate  the  steep  with  salt.  This,  though 
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ingenious,  has  given  such  unfortunate  results  as  to  put  it  out  of  the 
pale  of  sound  practice.  Though  unperceived,  a bad  fermentation 
frequently  sets  in,  and  the  after-salting  does  not  put  out  or  render 
harmless  the  foul  products  of  such  fermentation.  Moreover,  the 
coagulating  strength  is  reduced  at  the  same  time.  The  cells  of 
animal  digestive  secretions  though  acting  so  much  like  ferments,  are 
nevertheless  themselves  capable  of  destruction  and  putrefaction,  as 
it  is  morally  certain  that  ferments  also  are,  both  being  related  to  the 
proteids  in  their  main  composition. 

Excellent  rennet  may  be  made  with  good  preservatives,  and  some 
of  these  extract  the  veil  strength  more  quickly  and  perfectly  than 
brine.  The  trade  rennets  are  numerous,  but  by  no  means  all  of 
satisfactory  character.  Like  the  preservatives  they  have  need  of 
being  tested  before  use,  and  it  is  therefore  not  desirable  to  mention 
one  or  another,  because  they  have  proved  to  be  good  in  our 
practice.  We  have  found  some  of  the  best  known  to  us  to  vary  in 
strength  at  times,  and  others  to  a more  serious  extent,  to  say  nothing 
of  flavours  and  odours  imparted  to  the  cheese  by  the  more  worthless. 
There  are  good  reasons  for  believing  that  some  makers  are  careless 
in  the  selection  and  treatment  of  their  veils  ; there  are  such  men  in 
every  trade,  and  safety  lies  only  in  personal 
test.  Far  better  than  any  but  the  best  trade 
rennets  is  such  an  one  as  may  be  made  at 
home  under  known  conditions,  where  any  veil 
which  is  not  entirely  fit  may  be  resolutely 
thrown  aside,  and  nothing  put  into  the  steep 
which  ought  not  to  be  there.  We  have  not 
yet  met  with  a single  article  among  liquid 
extracts  which  will  make  better  cheese  than 
the  home-made  steep  already  described.  Its 
equals  are  sometimes  seen,  but  not  once  its 
superiors.  Of  late  years  dry  preparations  have 
been  offered  by  the  trade,  and  one  of  these  is 
in  the  form  of  tablets,  which  are  estimated 
to  coagulate  regular  quantities  of  milk  under 
proper  conditions.  These,  so  far  as  we  have 
proved  them,  are  decidedly  better  than  the  Fig._i9.. 
liquid  extracts,  and  the  home-made  steeps  also 
in  the  one  respect  of  innocence  of  flavour  or  odour,  and  are  equal 
to  them  in  uniformity  and  other  essential,  points. 

Every  cheese-maker  should  test  his  rennet  before  general  use. 
The  method  is  simple,  the  apparatus  costs  but  a few  shillings.  A 
burette  a,  Fig.  19,  divided  by  scale  into  cubic  millimetres,  a stand  b, 
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two  glass  or  ware  cups  f of  a pint  capacity,  and  a glass  stirring 
rod  d , only  are  necessary.  The  rennet  already  in  use,  and  the 
effective  proportions  of  which  are  known  in  relation  to  the  standards 
of  ripeness  and  temperature  suited  to  the  cheese-making  system 
pursued,  forms  a sound  basis  for  calculation.  The  proportion  of 
this  necessary  to  coagulate  say  ten  gallons  is  put  into  the  burette, 
and  the  number  of  cubic  millimetres  which  it  measures  noted.  Now 
it  is  not  necessary  to  wait  on  the  time  for  coagulation  proper  to  any 
cheese  system  ; one-fourth  of  that  time  will  suffice,  and  therefore 
four  times  as  much  rennet  must  be  used  in  proportion  to  the  milk 
as  usual.  The  measure  in  the  burette  must  be  reckoned,  not  as  for 
ten  gallons,  but  for  two-and-a-half  gallons,  or  forty  ha'f-pints.  There- 
fore one-fortieth  of  that  measure  of  rennet  ought  to  coagulate  one  half- 
pint of  milk  in  one-fourth  of  the  ordinary  time.  That  proportion  of 
the  rennet  of  known  strength  may  then  be  run  into  one  of  the  cups, 
the  burette  emptied,  rinsed  with  water,  and  dried,  and  a similar 
measure  of  the  rennet  to  be  tested  measured  from  it  into  the  other 
cup.  A pint  of  milk  ripened  and  heated  according  to  the  system 
pursued  may  then  be  divided  into  two  exact  half-pints,  the  one 
poured  into  the  one  vessel,  vigorously  stirred  for  a minute,  and  then 
watched  until  coagulation  takes  place,  the  time  occupied  being  noted 
even  to  seconds.  The  other  may  afterwards  be  treated  in  the  same 
way.  It  is  best  to  test  them  separately,  because  the  attention  is 
fully  taken  up  in  noting  time  and  coagulation  in  one  case,  and  to 
attempt  two  is  to  court  confusion  and  inaccuracy.  Any  difference 
between  the  times  required  by  the  two  rennets  to  produce  the  desired 
results  marks  the  difference  in  their  strength  ; if  the  new  one  takes 
five  minutes  to  do  that  which  the  other  does  in  four  minutes,  then 
one-fourth  more  by  measure  of  the  former  is  needed  in  daily  use. 
From  the  same  figures  the  relative  strength  of  the  new  rennet,  to 
the  standard,  may  be  ascertained  and  marked  upon  it,  and  a 
quantity  table  constructed  for  ready  reference.  So,  from  make 
to  make  we  may  proceed  with  our  changes  without  any  fear  of 
failure. 

An  example  will  assist  in  understanding  the  method  of  calcula- 
tion. Given  a rennet  of  which  ten  fluid  ounces  form  a proper  curd 
from  200  gallons  of  milk  under  proper  conditions  in  an  hour,  this 
would  constitute  it  of  “2”  or  “double  standard”  strength.  We 
will  suppose  that  the  time  to  coagulation  should  be  twenty  minutes, 
one-fourth  of  which  will  be  five  minutes.  In  this  case,  half  an  ounce 
would  cause  coagulation  in  ten  gallons  in  twenty  minutes,  or  two-and- 
a-half  gallons  in  five  minutes.  There  may  be,  however,  a slight 
variation  from  this,  and  we  cannot  afford  to  take  it  on  trust.  So 
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we  test  it  with  the  same  milk  in  the  same  condition  that  we  use 
with  the  other.  Working  on  the  lines  laid  down,  we  find  that  it 
actually  takes  the  five  minutes  as  expected,  and  the  new  rennet  to 
be  two-fifths  weaker  than  the  one  in  use  ; so  that,  instead  of  ten  fluid 
ounces  being  sufficient  for  200  gallons,  it  will  only  serve  for  120 
gallons  ; or  the  200  gallons  will  need  16.6  ounces  to  deal  with  it,  and 
other  quantities  in  proportion.  The  strength  of  this  make  will  be  1.2  in 
comparison  with  the  standard  1.  The  cost  may  be  calculated  in  the 
following  manner : at  8s.  per  gallon  (supposed  nett  price)  the  cost 
of  coagulating  100  gallons  by  the  rennet  in  use  will  be  3d.  At  the 
same  price  per  gallon  the  new  rennet  will  be  3d.  for  coagulating  120 
gallons  of  milk,  or  5d.  for  200  gallons,  while  to  be  as  cheap  as  the  old 
it  should  be  sold  at  4s.  9jjd.  per  gallon. 

The  trouble  taken  in  learning  the  strength  and  commercial  value 
of  a rennet  is  trifling  compared  with  the  economical  advantage 
in  purchasing  or  making.  Guess-work  here  is  no  more  excus- 
able than  in  the  dairy  processes,  but  we  feel  sure  that  only  a 
very  small  proportion  of  British  cheese-makers  know  the  relative 
cost  of  the  preparations  they  use.  We  have  had  offered  two 
rennets  the  strength  of  one  being  “ 2,”  and  of  the  other,  “ 3,” 
with  only  2s.  3d.  per  gallon  dilference  in  price.  The  more  costly, 
of  “ 3 ” strength,  at  9s.  per  gallon  was  the  cheaper  by  9d.  per 
gallon  in  proportion,  and  equal  in  all  other  respects  as  proved  by 
experience. 

In  the  absence  of  some  general  system  of  estimating  coagulating 
strength,  the  quotations  used  by  writers  and  speakers  are  practically 
worthless.  We  often  see  that  Professor  A.  or  Cheese-maker  B.  have 
recommended  the  use  of  so  many  ounces  of  rennet  to  a thousand 
pounds  of  milk.  What  possible  good  can  such  advice  do  if  the 
strength  of  the  agent  is  not  stated  ? 

Returning  to  the  subject  of  rennet  action,  we  proceed  to  notice 
that  as  in  the  calf,  so  in  the  cheese,  its  action  is  digestive,  and 
although,  under  cheese-making  conditions,  a slow  process,  yet  a 
sure  one.  The  complete  chemistry  of  the  case  is  hardly  known 
as  yet,  but  it  seems  to  be  certain  that  in  the  act  of  coagulation 
the  Ca  salts  are  taken  into  a kind  of  partnership  with  the  more 
active  agencies,  the  action  and  effects  of  these  being  modified 
by  them  as  already  shown.  At  all  events  the  proportion  of 
ash  constituents  in  cheese  is  larger  than  in  the  whey,  which 
would  not  be  the  case  if  they  remained  simply  in  solution  in 
the  water  of  the  whey.  There  is  no  reasonable  doubt  that  in 

coagulation  the  changes  in  the  physical  and  chemical  relations 
of  the  elements  of  the  casein  allow  of  such  new  combinations 
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as  attach  to  the  cheese  division  of  the  milk  a quantity  of  those  ash 
constituents  which  are  found  in  solution  in  the  water  of  uncoagulated 
milk.  Apart  from  such  addition,  the  final  result  in  the  casein  seems 
to  be  entirely  a physical  change,  the  diffused  gelatinous  material 
being  set  free  from  its  diffusion,  and  its  molecules  gathering  by  a 
mutual  attraction  into  a closer  relation.  This  does  not  happen,  of 
course,  without  a rearrangement  of  chemical  relations  also  ; but  the 
effect  is  mainly  physical.  When  a large  relative  proportion  of  rennet  is 
added  to  milk,  as  in  the  case  of  the  living  calf’s  stomach,  coagulation 
is  almost  instantaneous  ; but  when  only  a small  proportion  is  used, 
some  time  elapses  before  any  evidence  of  change  is  seen.  Yet  even 
during  this  time  the  rennet  cells  are  certainly  not  idle.  Acting  much 
as  ferments  do,  they  attack  the  casein,  and  having  wrought  in  it  the 
changes  described,  they  proceed  to  reduce  the  coagulum  to  the  pep- 
tone form  at  a rate  dependent  on  the  proportion  and  strength  of  the 
rennet  used,  and  the  modifying  influences  of  fermentation  and  tem- 
perature. The  whole  after-tendency  of  the  coagulum  is  to  contract  ; 
and  although  its  greater  solidity  would  suggest  a greater  resistance 
to  any  attack,  the  very  solidifying  is  but  a step  towards  the  soluble 
state  to  which  rennet  will,  in  course  of  time,  bring  it.  However 
contradictory  this  may  seem,  it  is  proved  not  only  by  consist- 
ency of  theory,  but  also  by  practical  results,  as  will  by  and  by  be 
seen. 

That  this  contraction  is  the  joint  work  of  the  rennet  and  ferments, 
is  shown  by  the  fact  that  it  varies  in  rapidity  according  to  tem- 
perature ; for  at  9 70  F.  it  is  most  rapid,  while  at  higher  and  lower 
temperatures  it  is  slower,  until  at  certain  limits — much  the  same  as 
those  governing  the  most  common  forms  of  fermentation — it  ceases, 
the  agencies  both  being  inoperative. 

Here  the  natural  law  which  makes  substances  to  expand  with 
heat  and  contract  with  cold  is  reversed,  and  this  simply  because  the 
attendant  conditions  are  not  alike  in  the  two  cases.  Here  it  is  not  a 
case  of  a substance  merely  occupying  less  space  under  cold  than 
under  heat,  but  of  one  spread  abroad,  and  held  in  its  diffused  state  by 
the  absorption  of  water,  the  molecules  of  the  former  being  separated 
by  those  of  the  latter  ; and  the  coagulation  consists  in  the  setting  free 
of  the  casein  molecules  from  the  influence  of  the  separating  force,  to 
run  together  in  a nearer  relation. 

The  same  thing  takes  place  in  creaming,  the  fat  globules  coming 
much  nearer  together  in  cream  than  they  originally  are  in  milk  ; but 
there  they  are  ready  to  collect  as  soon  as  the  purely  physical  condi- 
tions described  in  Chapter  III.  will  allow,  whereas  here  there  is  need 
of  a chemical  and  physical  force,  not  belonging  to  the  milk,  to  act 
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upon  the  casein  molecules  before  such  a gathering  of  them  is 
possible. 

Started  and  maintained,  the  end  would  naturally  be  the  complete 
expulsion  of  the  serum,  and  the  production  of  a hard  and  dry  co- 
agulum,  but  for  the  fact  that  the  rennet  cells  reduce  the  casein  to  a 
peptone,  and  the  ferments  join  to  reduce  both  that  and  the  contained 
fats  to  new  and  lower  forms  of  decomposition.  The  peptone  is  there- 
fore distinctly  a stage  on  the  down  grade,  hence  the  power  given  to 
the  blood-forming  cells  to  bring  the  digested  peptones  in  the  intes- 
tine back  to  the  proteid  form  in  the  blood,  and  the  maintenance  of 
that  form  in  the  casein  of  milk.  Even  the  albuminose,  in  its  associa- 
tion with  lacto-chrome,  is  probably  subject  to  the  same  law  of  diffusion 
awaiting  the  ferment  action  to  set  it  free. 

Rennet  is,  to  all  appearances,  as  dependent  as  fermentation  on 
favourable  temperature  for  its  action  and  rate  of  progress.  This  is 
true  of  cells  in  the  living  animal,  their  vitality  and  vigour  being  ruled 
in  no  small  degree  by  this  influence.  They  are  so  constituted  as  to 
operate  best  at  the  heat  of  the  animal  body,  as  we  might  naturally 
expect,  and  these  facts  have  an  important  bearing  on  the  cheese- 
maker’s  art.  He  does  not  use  that  temperature  throughout  his  pro- 
cess in  any  system,  and  in  some  never  rises  so  high,  because  he  does 
not  want  to  bring  about  speedy  digestion  of  the  casein  ; but  he  knows 
that  the  rate  of  that  change  depends  partly  upon  the  temperatures 
used  by  him,  and  the  variations  in  their  maintenance,  as  well  as  in 
the  quantity  and  strength  of  the  rennet. 

It  is  well  that  the  temperatures  proper  to  the  friendly  fermentations 
are  also  helpful  to  rennet,  for  the  dairyer  has  no  conflicting  interests 
to  reconcile,  and  he  is  able  to  regulate  the  action  of  each  according 
to  his  need.  Heat,  however,  influences  the  curd  directly  in  the  way 
of  a hardness  which  is  not  in  proportion  to  the  contraction  caused  by 
rennet  and  fermentation,  as  is  observed  when  an  excess  of  heat  is 
used  to  make  up  for  their  deficiency,  and  which  suggests  a separate 
physical  action  of  its  own,  such  as  it  has  on  many  non-fermenting 
organic  bodies. 

Let  us  now  see  what  would  happen  in  a coagulum  produced  by 
the  friendly  ferments  only.  The  action  of  the  C.F.  and  its  kin  we 
have  reason  to  regard  as  in  some  sense  digestive,  though  not  pre- 
cisely like  that  of  rennet.  But  this  is  only  in  low  proportion,  and 
has  to  contend  with  the  opposite  influence  of  the  L.A.F.,  the  tend- 
ency of  which  to  check  both  the  C.F.  and  rennet,  and  to  harden  the 
coagulum  in  a manner  different  from  the  contraction,  and  therefore 
to  render  it  more  indigestible,  is  known  to  practical  observers.  The 
two  ferments,  when  properly  balanced  in  power,  will  give  a coagulum 
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which,  under  any  circumstances,  will  be  much  longer  in  reaching  the 
digestible  state  than  that  made  with  rennet. 

It  will  be  seen,  then,  that  in  procuring  coagulation  we  have  to  deal 
with  three  forces — ( a ) fermentation,  {/>)  rennet,  and  (c)  temperature. 
Now  when  once  the  dairyer  has  determined  what  kind  of  cheese  in  all 
respects,  but  especially  in  its  richness,  digestibility,  flavour,  and  keep- 
ing quality,  he  will  make,  he  has  next  to  estimate  the  individual  and 
relative  amount  of  influence  which  each  of  the  three  forces  ought  to 
have  in  his  process  and  product.  The  rennet,  which  peptonises  the 
casein,  and  renders  it  more  fit  for  a human  food  than  it  naturally  is  ; 
the  L.A.  and  C.  fermentations,  which  respectively  modify  or  aid  the 
rennet  action  ; and  the  heat,  which  has  its  own  hardening  influence, — 
all  are  in  the  reckoning.  Therefore,  upon  his  familiarity  with  their 
tendencies,  and  his  judgment  in  allotting  to  each  its  proportion  of 
power,  will  be  his  success  in  making  that  good  start  which  is  pro- 
verbially “half  the  battle.”  Having  laid  well  the  foundations  of  his 
work,  he  must  build  consistently  upon  them,  keeping  in  view  at  the 
same  time  the  final  result,  and  the  services  which  these  separately  and 
jointly  may  render  him  in  attaining  to  it ; so  will  he  be  able  to  control 
them  at  every  stage,  and  compel  their  help  where  otherwise  they 
might  work  confusion  and  disaster.  It  is  true  that  within  the  proper 
range  he  may  raise  his  milk  temperature  to  help  an  insufficient  quantity 
of  rennet,  or  lower  it  when  an  excess  of  that  agent  has  been  used,  but 
no  such  attempts  at  compensation  are  entirely  successful,  although 
they  are  supposed  to  be  so,  and  are  continually  being  made  by  half- 
informed  and  careless  people.  It  is  a great  advantage  to  know  how 
to  make  the  best  of  a bad  case,  but  it  is  far  better  to  begin  aright, 
both  for  the  dairyer  who  has  less  tax  on  memory  and  judgment,  and 
for  the  cheese,  which  in  turn  affects  his  profit  and  credit.  Let  us 
then,  in  his  interest  and  that  of  the  consumers  of  Britain,  insist  on  an 
intelligent  and  careful  estimate  and  allotment  of  these  initiatory 
forces. 

It  is  not  quite  possible  at  this  stage  of  the  subject  to  make  any 
standard,  but  a comparison  of  imaginary,  but  easily  realised,  relations 
and  results  may  be  made.  These  shall  be  given  in  the  form  of  two 
propositions  : — 

(a.)  Required  a cheese  to  be  fit  for  consumption  at  an  early  age. 
Here  it  will  be  proper  to  use  more  rennet  than  in  the  case  of  a cheese 
allowed  longer  time  to  get  ready  for  market.  A higher  temperature  may 
accompany  this,  if  a greater  degree  of  fermentation  is  not  objection- 
able ; but  it  is  by  no  means  necessary  that  any  increase  of  one  force 
should  be  accompanied  by  proportionate  increase  in  the  others,  as  so 
many  makers  seem  to  believe.  When  it  is  simply  desired  to  give  the 
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rennet  greater  power,  it  is  unwise  to  set  against  it  the  modifying  or 
even  opposing  influence  of  the  L.A.,  which  will  assuredly  increase  with 
higher  temperatures  within  the  range  proper  to  cheese-making.  In 
this  case  the  production  of  early  flavour  in  the  usual  proportion  to 
digestibility  is  purposely  left  out  of  the  account ; that  belongs  to  a later 
stage  of  our  study. 

(A)  Required  a cheese  to  keep  for  a long  time  before  use.  Here, 
so  far  as  we  are  at  present  concerned,  the  lower  proportion  of  rennet 
is  necessary  in  comparison  with  the  preceding  case.  The  fermen- 
tation in  such  case  will  help  the  rennet  in  part;  but  the  hindering 
influence  of  the  L.A.F.  will  be  in  higher  relation  to  the  rennet  action 
than  before,  and  we  may  be  sure  of  slower  digestion. 

All  the  combinations  and  variations  of  relative  influence  proper  to 
the  many  graduations  in  result  of  the  many  systems  will  be  described 
as  they  arise,  but  it  is  easy  to  see  how  powerful  they  may  be  in  fixing 
the  character  of  their  products.  It  is  inevitable  that  the  flavour  and 
keeping  quality  of  the  cheese  a will  be  different  from  those  of  b, 
as  the  rennet  and  fermentation  vary  in  proportion  of  power.  There- 
fore, jf  in  these  items  of  management  two  systems  differ,  though 
agreeing  in  all  other  respects,  there  must  be  permanent  differences  in 
the  character  of  their  goods. 

The  temperature  suitable  to  any  system  or  time  is  not  decided 
only  by  its  relation  to  the  work  of  rennet  and  ferments,  but  also  by  the 
practice,  and  the  varying  temperatures  of  the  air.  In  some  systems, 
the  first  temperature  is  the  last  ; in  others,  a second  heating  takes 
place  ; and  as,  in  the  former  case,  the  starting  temperature  has  to  fit  in 
with  all  possibilities  to  the  end  of  the  process,  while  in  the  latter  it  has 
only  to  carry  forward  for  two  or  three  hours,  a higher  temperature  is 
necessary  in  the  former  if  the  results  are  to  be  of  nearly  equal  firmness 
and  general  character.  But  since  such  equality  is  not  always  sought 
for,  the  variations  have  their  share  in  producing  cheese  variety.  In 
any  case,  however,  changes  of  air  temperature  must  be  met  by 
corresponding  ones  in  practice.  A difference  of  two  or  three 
degrees  for  every  five  degrees  lost  or  gained  by  the  air  is  generally 
necessary. 

The  thermometer  may  here  be  noticed.  Its  value  depends  on  its 
accuracy,  and  the  dairyer  is  warned  that  cheap  instruments  are 
generally  dear.  Out  of  a dozen,  scarcely  three  are  alike,  and  these 
probably  incorrect.  There  should  be  in  every  dairy  one  reliable 
instrument,  by  which  all  others  should  be  compared  before  purchase. 
If,  foi  the  sake  of  cheapness,  one  will  take  the  trouble  to  remember 
that  this  scale  is  2'  too  high,  and  that  one  30  too  low,  he  may  do  so, 
but  it  is  best  to  avoid  confusion  and  risk  of  error.  Few  instruments 
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costing  less  than  2s.  6d.  are  worth  their  price,  and  even  with  those 
costing  more,  it  is  well  to  take  the  standard  one  to  compare  when 
buying'.  The  best  make  we  have  ever  used  is  set  in  a strong  copper 
frame,  provided  with  a porcelain  scale  with  large  division  lines  and 
figures,  and  costs  15s.  It  is  shown  in  Fig.  20.  Here  the  frame 
protects  the  tube,  and  the  indications  may  be 
(fT))  easily  read  while  the  instrument  is  still  under 

the  surface  up  to  the  top  of  the  mercury  column. 
It  is  generally  sold  for  brewers,  and  therefore 
provided  with  a cup,  in  which  some  of  the  liquor 
may  be  taken  up,  so  helping  to  maintain  the 
temperature  ; but  this,  however  useful  in  brew- 
ing, is  a nuisance  in  cheese-making,  because 
milk  and  curd  must  be  continually  cleaned  out 
from  it  in  order  to  keep  it  sweet.  The  best  plan 
is  to  remove  the  bottom  of  the  cup,  bending  the 
edge  of  the  frame  a,  Fig.  21,  in  on  each  side,  as 
at  b,  to  prevent  the  tube-plate  from  slipping  out, 
while  taking  up  nothing  when  lifted  out  of  the 
liquids  tested.  The  hollow  glass  instruments, 
now  so  commonly  used,  are  not  only  uncertain, 
but  very  liable  to  be  broken  in  the  milk  or  whey, 
with  danger  to  those  who  afterwards  handle  the 
curd.  Their  only  merits  are  that  they  are  cheap, 
Fig.  20.— Cheese-makers  anc[  ea>j]y  cleaned. 

Thermometer.  ^ thermometer  never  should  be  so  tipped 

as  to  have  the  upper  part  of  its  mercury  lower  than  the  bulb,  or  the 
column  will  be  likely  to  separate,  after  which  it  will  be  difficult  to 
reunite  it.  If  this  does  happen,  the  instrument  should  be  firmly 

grasped  at  the  top  and  swung  with  a sharp 
jerky  motion  ; by  doing  this,  reunion  may 
generally  be  effected.  The  fact  that  the 
thermometer  is  going  into  fermenting  milk 
and  whey  continually,  will  point  to  th.e 
necessity  of  its  being  carefully  cleaned  and 
scalded  after  every  process  in  which  it  is 
used. 

The  method  of  heating  milk  for  coagu- 
lation differs  according  to  the  apparatus 
used.  One  plan  is  much  followed  in  the 
smaller  cheese  dairies  of  Britain,  in  which  a proportion  of  the  whole 
supply  is  heated  in  a vessel  (Fig.  22),  plunged  in  the  hot  water  of  an 
ordinary  house  boiler,  and  heated  to  a point  at  which,  when  added  to 
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the  remainder,  it  will  bring  it  to  the  right  temperature.  This  involves 
a litt'e  calculation,  not  only  to  fix  upon  the  right  limit  for  the  milk 
heated  in  the  boiler,  but  to  avoid  a higher 
point  than  130°  F.,  beyond  which  it  is  dan- 
gerous to  go  because  of  the  influence  on  the 
albumin,  which,  though  it  does  not  coagulate, 
undergoes  a preparatory  physical  change  in 
the  near  degrees  above  that  point.  Albumin 
coagulation  differs  in  nothing  in  principle 
from  that  of  casein,  and  although  it  takes 
place  quickly  at  163°  F.,  it  is  distinctly 
affected  at  140°  F.,  and  tends  to  separate. 

Now,  although  free  albumin  is  of  itself  a 
valuable  food,  it  is  a very  undesirable  addition 
to  a cheese,  for  it  does  not  behave  under  the  Fig_  22._warmer. 
ordinary  forms  of  fermentation  as  casein 

does,  but  putrefies  early,  whether  under  the  action  of  C.F.  or  a special 
ferment  is  not  known.  We  know  enough,  however,  to  avoid  its 
separation  from  milk  and  whey  in  cheese-making.  Moreover,  it  takes 
on  a burnt  flavour  when  over-heated.  Examples  of  the  proper- 
calculations  accompany  the  description  of  practice. 

Better  than  this  is  the  heating  in  a double-cased  cheese-making 
vessel,  the  space  between  the  two  parts  being  filled  with  hot  water  or 
steam.  Here  the  whole  supply  for  one  making  can  be  treated  at  once, 
and  no  part  unduly  heated  to  serve  the  rest.  The  economy  in  time 
and  labour  also  is  considerable,  especially  in  large  dairies. 

It  has  been  urged  against  hot  water  and  steam,  that  there  is  a 
danger  of  cooking  the  albumin  by  the  contact  of  the  milk  with  the  hot 
metal  ; but  this  is  absurd,  for  there  cannot  possibly  be  so  great  a risk 
as  with  a small  quantity  plunged  into  boiling  water.  In  any  case  there 
is  danger,  if  the  milk  is  not  stirred  ; this  attended  to,  and  the  limit 
of  temperature  observed,  there  can  be  none.  Any  liquid  which  is 
being  heated,  not  only  gains  in  temperature,  but  cools  whatever  is 
used  to  heat  it ; so  the  heating-water  loses  a good  many  degrees  to 
heat  the  milk  but  a few  (in  its  proportion  to  the  milk  quantity),  and 
steam  condenses  against  the  inner  case  and  drops  off  as  water.  How 
little  foice  there  is  in  the  objection,  is  shown  by  the  fact,  that  after 
removing  the  heating-water,  or  cutting  off  the  steam,  the  temperature 
of  the  contents  will  only  rise  one  degree  F.,  and  this  probably 
lcpiesents  from  a half  to  a fourth  of  the  difference  between  the  metal 
temperature  and  that  of  the  moving  contents.  It  would  seem  to  be 
foolish  to  notice  the  cavil,  but  that  it  is  continually  trotted  out  by 
some  wi  iters  and  lecturers,  whose  sole  justification  appears  to  be 
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found  in  the  results  of  ignorance  or  carelessness,  either  in  their  own 
or  other  people’s  dairies.  With  a wide  experience  in  the  various 
methods  of  heating,  we  have  had  no  difficulty  whatever  with  hot  water 
or  steam  ; and  with  persons  who  have  no  knowledge  of  any  way,  we 
find  it  distinctly  easier  to  teach  them  to  avoid  mishaps  with  either  of 
these  than  with  the  old  boiler-heating  plan. 

Ripeness  and  a correct  temperature  having  been  secured  in  the 
milk,  the  rennet  is  added,  and  carefully  stirred  in,  the  stirring  being 
maintained  until  coagulation  takes  place.  The  first  stirring  may  be 
vigorous,  but  after  the  rennet  is  safely  distributed  it  should  be  no 
more  rapid  than  is  necessary  to  the  second  purpose.  If  this  be 
continued  too  long,  the  coagulum,  instead  of  being  in  one  body,  will 
separate  into  tiny  particles,  and  great  loss  will  ensue  in  the  after- 
processes. Most  makers  fear  to  venture  with  their  stirring  beyond  a 
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Fig.  23. — Coagulation  Test. 


third  or  half  of  the  time  usual  to  coagulation,  and  almost  invariably 
find  a little  ci'eam  on  the  surface  of  the  curd.  This,  in  spite  of  all 
notions  to  the  contrary,  is  lost  in  the  whey. 

Coagulation  manifests  itself  to  the  eye  soon  after  it  has  taken 
place,  but  this  is  not  sufficiently  certain  as  a basis  for  calculation.  A 
tin  bowl  is  left  by  many  makers  floating  in  the  milk,  the  lifting  of 
which  when  the  curd  has  formed  will  show  it  on  the  metal,  and  in  the 
dent  left  on  the  surface.  This  also  fails  to  show  just  when  the  change 
occurs.  A perfect  test  is  made  by  dipping  a piece  of  clean  glass  into 
the  milk,  and  holding  it  between  the  eye  and  the  light,  as  in  Fig  23, 
where  a shows  the  appearance  of  the  milk  as  it  smoothly  works 
downwards,  and  b the  change  which  marks  the  curd  formation  when 
the  casein  becomes  clotted  and  droops  in  its  downward  movement 
into  loops  and  angles.  This  taking  place,  marks  the  coagulation  or 
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curding  point ; but  for  a minute  or  two  before,  varying  with  the  state  of 
the  milk,  an  increase  of  viscosity  is  noticeable,  and  should  lead  to 
caution  in  stirring  ; indeed  this  latter  should  be  gradually  reduced  as 
curding  is  expected,  so  that  when  it  actually  lakes  place  there  may  be 
no  motion.  For  the  same  reason,  it  should  be  confined  to  the  upper 
section  of  the  milk  as  this  point  is  approached.  The  glass  should  be 
free  from  grease  and  cream,  or  it  will  show  a clotting  which  will  hinder 
from  proper  observation,  and  probably  deceive  the  user.  It  should 
also  be  frequently  dipped,  so  as  to  have  fresh  milk  at  the  correct 
temperature,  for  the  cooling  which  that  obtained  at  each  dipping  gets 
from  exposure  to  the  air  tends  to  check  coagulation. 

This  valuable  test  was  brought  to  our  notice  by  Dr  F.  T.  Bond, 
and  has  enabled  us  to  stir  long  enough  to  prevent  loss  of  cream 
without  the  least  danger  of  breaking  the  coagulum. 

The  next  business  is  to  preserve  the  curd  from  changes  of 
temperature.  This  is  most  easily  done  in  a double-cased  vessel, 
which  gives  greater  protection  in  any  case ; and,  if  necessary,  allows 
of  some  water  being  kept  in  it, — either  the  space  full,  at  one  or  two 
degre.es  higher  than  the  milk  temperature ; or  a small  quantity,  not 
reaching  the  bottom  of  the  inner  case,  and  at  a temperature  20°  F. 
higher.  The  cover  should  be  capable  of  cutting  off  the  influence  of 
the  air  temperature  completely,  and  be  made  of  wood  lined  with  felt, 
which  is  a good  non-conductor  of  heat,  and  this  again  faced  with  tin, 
this  surface  being  next  to  the  milk.  The  purpose  of  all  this  care  is  to 
have  the  curd  uniform  throughout.  If  the  surface  be  allowed  to  cool,  the 
rennet  and  ferment  actions  are  slower  at  that  point,  and  so  far  down- 
wards as  the  cooling  extends  in  its  various  degress.  In  this  way  the 
great  majority  of  makers  err  daily.  A light  cloth  supported  by  a strip 
of  wood  is  generally  thought  to  be  sufficient  ; but  in  any,  save  the 
warmest  of  weather,  such  will  not  serve. 

(3.)  Separation  of  the  whey. — During  the  time  from  coagulation 
until  the  curd  is  ready  for  the  next  process,  it  is  constantly  growing 
firmer;  and  this,  although  unnoticed  by  the  eye,  is  really  a beginning 
of  the  separation  of  the  whey.  If  allowed  to  remain  unmolested,  it  will 
be  seen  to  shrink  from  the  sides  of  the  vessel,  leaving  the  clear 
greenish-yellow  whey  in  the  space.  This  might  proceed  to  any 
length  but  for  the  rennet  and  ferment  action,  which  would  reduce  the 
mass  to  a putrid  condition  long  before  it  had  completely  separated. 
So,  as  we  cannot  leave  it  to  its  own  course,  we  have  to  help  the 
separation  by  (a)  mechanical  means,  and  in  some  systems  by  (h)  heat. 

The  former  may  take  various  forms,  and  it  is  in  these  that  the 
greatest  differences  can  be  seen  in  the  practice.  In  the  simplest,  the 
curd  is  lifted  out  in  small  quantities  into  vessels  which  will  allow  its 
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expressed  whey  to  pass  off  by  draining ; in  the  most  elaborate,  tools 
of  various  kinds  are  employed  to  divide  the  curd  in  one  vessel  into 
small  fragments.  In  either  case,  and  in  all  those  which  come  between 
them  in  character,  the  aim  is  the  same.  But  the  results  are  very 
different  ; for  from  this  point,  at  which  those  systems  which  are  most 
alike  diverge  more  or  less,  they  keep  on  their  distinct  courses  to  the  end. 
There  is  but  little  difference  in  their  curds  at  the  end  of  the  coagulation 
period,  compared  with  the  striking  diversities  in  their  final  products, 
and  these  latter  are  in  the  main  due  to  the  means  used  in  this  section 
of  the  work.  | The  extent  to  which  separation  is  carried  is  regulated 
by  the  aims  of  the  makers,  and  has  a great  influence  on  the  flavour, 
keeping  quality,  and  texture,  of  the  cheese.  Whether  it  is  effected  by 
draining  or  by  tools,  and  when  by  the  latter,  then  by  what  kind, 
has  something  to  do  with  the  rapidity  of  the  manufacture,  the  propor- 
tion of  cheese  made,  and  of  fat  in  it.  The  use  or  non-use  of  heat  also 
touches  all  the  qualities  in  one  way  or  another.  These  and  other 
* points  will  be  best  understood  by  a comparison  of  the  systems  in 
detail,  these  being  considered  in  the  light  of  their  aims.  But  we  may 
point  out,  that  according  Jg  the  extent  and  speediness  of  the  whey 
expulsion,  fermentation  in  the  curd  and  cheese  are  in  a large  degree 
determined.  If  of  two  cheeses  one  retains  more  whey  than  another, 
the  one  which  holds  the  most  will  be  the  most  highly  fermented. 
The  larger  quantity  of  water  is  the  first  item  of  importance  ; the  more 
of  moisture  a substance  holds,  the  larger  are  the  limits  of  fermentative 
possibilities  within  it.  The  sugar  converted  into  lactic  acid  will  favour 
the  life  and  operations  of  the  other  ferments  (even  though  it  modifies 
their  influence  on  the  casein),  and  especially  after  the  limit  of  acid 
production  has  been  reached.  This  ferment  will  also  counterbalance 
rennet  action,  and  prepare  the  way  for  the  B.A.F.  with  its  work  on  the 
fats .f  In  every  sense  the  more  whey  the  more  fermentation,  and  the 
less  proportionate  rennet  action.  That  some  of  the  ferments  help  the 
rennet  in  reducing  the  casein  to  solubility  is  true,  but  their  help  may 
be  a hindrance  to  the  best  results.  In  so  far  as  fermentation  checks 
the  work  of  rennet,  it  also  reduces  digestibility  ; and  in  so  far  as  it 
effects  its  own  kind  of  digestion,  it  breaks  up  the  proteids  into  the  forms 
common  to  putrefaction,  NH3  and  its  kindred,  with  ptomaines,  of 
which  more  anon.  In  any  case,  the  decomposition  of  proteids,  fats, 
and  sugars,  with  their  after-iecombinations,  commences  in  the  curd, 
and  their  power  and  tendency  have  direction  given  to  them  by  the 
management,  especially  in  this  item  of  the  work.  Therefore,  though 
the  standard  of  milk  ripeness  may  not  be  high  in  any  instance,  it  is 
possible  to  arrange  for  a great  amount  of  after-fermentation  by  the 
retention  of  whey  in  the  curd  by  various  devices.  Of  these,  the  most 
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effectual,  in  several  leading  systems,  belongs  to  the  earlier  part  of  the 
separation  process  ; for  if  heat  be  applied  in  certain  conditions  of  the 
curd  (as  to  the  size  of  its  particles  and  the  proportion  of  whey  left  in 
them),  then  no  after-treatment  can  suffice  to  put  aside  the  consequences 
in  any  satisfactory  degree.  Finally,  though  a cheese  may  lose  much 
of  its  moisture  after  it  is  made,  it  will  lose  water  and  not  whey,  leaving 
behind  the  solid  constituents  of  the  latter  in  a state  more  or  less 
changed  by  fermentation.  These  silent  forces  are  more  powerful  in 
some  systems  than  in  others,  according  to  the  practices  followed  ; and 
however  much  we  may  have  occasion  to  note  the  immediately  econo- 
mical effect  of  the  manipulation  in  the  proportions  of  cheese  made 
from  the  milk,  we  have  as  much  or  more  need  to  estimate  their  natural 
effects  on  the  extent  and  character  of  the  chemical  and  physical 
changes  wrought  in  the  finished  product. 

(4.)  Curd  ripeness. — This  is  but  the  extension  of  the  earlier  milk 
ripeness  ; and  just  as  this  last  was  the  stage  at  which  coagulation 
could  be  best  brought  about,  and  the  earlier  work  of  the  system 
carried  on,  so  curd  ripeness  is  an  advanced  stage  on  which  the  closing 
practices  of  the  system  most  properly  follow.  Here  we  may  note  that 
even  in  those  systems  in  which  only  a very  low  degree  of  fermentation 
is  allowed  for  coagulation,  the  second  stage  is  as  advanced  as  in  any. 
This  is  not  merely  a compensation,  nor  is  the  time  at  which  fermenta- 
tion is  brought  to  its  maximum  a matter  of  little  consequence.  These 
variations  are  all  planned  to  operate  harmoniously  to  the  desired 
result  ; the  lack  at  the  first,  as  much  as  the  fulness  at  the  last,  is 
right  in  such  cases,  as  we  shall  presently  see.  Our  special  purpose 
just  now  is  to  point  out  that  sooner  or  later  that  fulness  is  secured, 
and  in  every  variety  of  cheese  the  ferments  have  a large  share  in 
making  it  what  it  is. 

This  influence  must  be  uniformly  exerted.  The  main  separation 
of  the  whey  has  left  us  a body  of  curd  still  holding  a great  deal  more 
than  the  cheese  must  finally  contain,  and  the  whey  will  tend  to  sink 
through  it  downwards,  so  that  at  any  time  it  will  scarcely  be  distri- 
buted evenly  in  it.  If  it  was  kept  in  one  position,  the  fermentation  in 
its  lower  part  would  be  much  more  powerful  than  in  the  upper  and 
drier  part,  and  this  would  tend  to  a cheese  of  uneven  character.  So 
also  with  heat ; for  although  the  upper  part  may  be  covered,  it  will  be 
liable  to  lose  its  temperature  more  than  the  lower,  and  such  variations 
also  tend  to  uneven  ripening;.  Therefore  it  is  necessary  to  turn  the 
curd  frequently,  so  as  to  redistribute  its  moisture,  and  make  its  fer- 
mentation uniform.  Its  general  temperature  must  also  be  maintained 
at  a point  favourable  to  ripening  at  the  rate  set  by  the  system. 

As  in  milk,  so  in  curd,  the  ripeness  must  be  determined  by  a safe 
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test.  The  smell  is  of  some  value  when  educated,  but  is  never  safe, 
because  it  is  affected  by  every  passing  cold.  The  best  test,  by  way  of 
acidity,  is  the  litmus  paper,  which  can  be  passed  into  a slit  cut  in  the 
curd,  and  the  sides  pressed  together  against  it.  A very  common 
practice  in  America,  and  to  a small  extent  in  England,  is  to  press  a 
piece  of  curd  against  a hot  iron,  and  slowly  draw  it  away.  If  it 
adheres  to  the  metal,  and  draws  out  in  fine  threads  to  a length  varying 
from  a quarter  of  an  inch  to  two  inches,  according  to  the  demands  of 
the  dairyer,  it  is  judged  to  be  ripe.  What  is  it  in  the  curd  which  makes 
this  test  possible  ? If  a curd  which  will  respond  to  it  be  examined,  it 
will  be  found  to  have  lost  some  of  its  original  character  and  become 
more  or  less  stringy.  Torn  in  its  grain,  it  will  separate  into  thin 
flakes  ; and  the  more  fully  it  does  so  the  longer  will  it  draw  on  the  hot 
iron,  and  in  the  finer  threads.  This  state  is  the  first  evidence  seen  of 
the  peptonising  of  the  coagulum,  and  thus  is  a test  both  for  the  rennet 
and  C.F.  action.  It  is  to  that  extent  valuable,  but  should  not  be  taken 
alone,  because  the  proportion  of  L.A.F.  influence  is  of  some  conse- 
quence, and  cannot  always  be  known  by  the  physical  state  of  the  curd. 
It  may  be  thought  that  if  it  be  proper  to  judge  of  the  C.F.  by  the  L.A.F., 
it  can  be  no  less  reasonable  to  reverse  the  process  ; but  the  rennet  is  in 
the  reckoning  now  and  must  be  allowed  for.  This  increasing  the 
difficulty  of  correct  estimation,  it  is  best  to  associate  the  litmus  with 
the  iron,  if  the  latter  be  used  at  all.  But  is  the  last  necessary  ? To  the 
observant  maker,  the  acid,  taken  with  the  flakiness,  tells  as  much  as  the 
iron  with  its  smell  of  burning  casein,  and  necessity  for  skill  in  use. 
For,  however  simple  it  may  seem  to  be,  we  have  known  expert  users 
try  two  or  three  times  before  satisfying  themselves  ; and  in  the  hands 
of  less  experienced  persons  have  too  often  seen  misleading  results, 
mainly  in  the  form  of  failures  to  draw,  when  this  could  be  readily  done 
by  others  more  familiar  with  it.  Though  having  no  objection  to  the 
iron,  so  far  as  it  is  reliable,  we  distinctly  prefer  for  all  purposes  the 
litmus  test,  with  the  flakiness  of  the  curd — as  found  by  tearing  a little. 

(5.)  Preservative  treatine7it. — Having  been  encouraged  so  far  with 
a view  to  their  best  service,  the  ferments  must  now  be  checked,  for  the 
preservation  of  the  cheese.  If  left  to  them  and  to  the  rennet,  the  curd 
would  soon  be  peptonised  and  fermented,  to  an  extent  which  would 
ruin  it  for  trade  purposes,  for  it  would  be  too  soft  to  bear  carriage  or 
keeping,  and  too  pungent  in  flavour  or  odour  to  be  fit  for  the  strongest 
stomachs.  There  can  be  no  doubt  that  the  ferment  products,  of  some 
kinds  at  least,  and  in  the  proportions  in  which  they  would  appear 
under  such  conditions,  would  be  positively  injurious  to  health  01- 
even  poisonous.  The  latter  result  occasionally  occurs  even  in  cheese 
treated  for  preservation,  where  that  treatment  has  been  defied  by  more 
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than  usually  numerous  and  powerful  ferments  ; how  much  more  surely 
then  in  our  supposed  case?  Since  then,  cheese  should  be  portable, 
palatable,  and  preservable,  for  a reasonable  time,  in  the  hands  of  the 
tradesman  and  consumer,  we  must  do  something  at  this  point  to  bring 
fermentation  within  the  limits  proper  to  our  purpose.  A similar 
course  is  pursued  in  other  manufactures — e.g.,  in  bread  making,  in 
which  the  dough,  at  the  right  stage,  is  exposed  to  such  a heat  as 
destroys  the  yeast,  drives  off  the  alcohol  and  COo,  and  leaves  a food 
which  can  be  held  long  enough  to  meet  all  the  uncertainties  of  trade. 

In  our  case  the  destruction  of  the  ferments  is  not  attempted,  but  only 
their  control , and  that  by  the  presence  of  conditions  unfavourable  to  their 
multiplication  and  action  in  the  higher,  though  permitting  these  in  the 
lower,  degrees.  This  is  distinctly  better  and  safer  than  to  allow  the 
fermentation  to  proceed  to  the  dangerous  limit,  and  then  to  destroy 
them  ; for  that  would  involve  constant  watching  and  testing,  and  the 
use  of  far  more  of  the  germicidal  material  than  would  be  desirable 
either  for  health  or  economy.  Nor  would  the  results  be  the  same  in 
the  -two  cases.  The  chemical  changes,  and  the  combinations  of  the 
various  stages  of  fermentation,  would  be  different  where  the  anti-ferment 
material  was  present  from  those  which  would  occur  in  its  absence. 
The  cheese-maker’s  practice,  therefore,  is  to  apply  the  preservative 
treatment  at  a point  when  the  ferments  have  proceeded  so  far  as  to 
ensure  the  continuance  of  their  action  at  a rate  desired  in  view  of 
his  ends,  and  in  the  presence  of  a small  amount  of  the  preserving 
material.  Each  system  has  its  own  practice  consistent  with  this 
general  purpose,  and  with  its  own  variations. 

Any  antiseptic  would  be  effectual  in  checking  the  ferments,  but 
only  a few  are  fit  for  use  in  foods.  The  Boron  preservatives  might  be 
generally  employed  but  for  their  cost ; and  indeed  they  are  used  to  a 
limited  extent.  But  common  salt  (NaCl)  is  the  material  universally 
used,  and  answers  the  purpose  admirably.  The  quantity  necessary  to 
any  system,  under  proper^or  even  unusual — conditions,  and  when 
properly  applied,  is  not  enough  to  give  its  own  flavour  to  the  product 
to  a noticeable  extent.  Salt  should  be  of  the  purest,  for  MgCl.„ 
or  “pan  scale”  of  CaS04,  are  very  mischievous  to  the  cheese, 
giving  a bitterness  by  direct  action  and  checking  fermentation  unduly. 
In  the  salt  blocks  usually  sold,  veins  of  “pan  scale”  can  be  easily 
discovered  by  their  hardness,  and  carefully  removed,  even  to  the 
sacrifice  of  a little  of  the  surrounding  salt ; anything  is  better  than 
putting  it  into  the  cheese. 

But  of  late  years  manufacturers  have  put  on  the  market  a salt  in  a 
loose  state  in  bags,  and  this,  as  saving  time  and  labour,  has  been  and 
still  is  much  used  in  the  dairy.  In  this  lurks  a danger.  The  pan- 
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scale  is  no  longer  in  a form  which  allows  of  ready  detection  and 
removal,  but  so  intimately  mixed  as  to  make  such  removal  impossible. 
Therefore,  in  the  absence  of  any  other  security,  it  is  best  to  buy  the 
best  block  salt  obtainable,  and  to  take  the  trouble  of  rubbing  it  down 
to  looseness,  casting  away  all  separable  substances.  There  are,  how- 
ever, salts  which  do  not  contain  these  impurities  in  any  influential 
proportion,  and  one  make,  at  least,  in  which  the  pan-scale  is  excluded 
by  a patent  process.  It  is  therefore  still  possible  to  buy  “factory 
filled”  dairy  salt  in  bags,  which  is  safe  in  use,  and  from  which  the 
objectionable  substances  are  either  absent  or  present  in  harmless 
proportions.  These  latter  may  be  stated  as  under  .05  per  cent,  for 
the  compounds  named  above. 

The  money  value  of  a salt  depends  to  no  small  extent  upon  the 
amount  of  moisture  it  contains.  The  tendency  of  CaCL  to  absorb  it 
from  the  air  makes  its  presence  in  salt  a practical  difficulty,  because 
the  antiseptic  strength  of  wet  salt  is  less  pound  for  pound  than  that  of 
dry  salt,  and  the  loss  is  proportionate  to  the  excess  of  water  ; but  salt 
will  absorb  more  or  less  of  this  in  any  damp  situation,  and  should 
therefore  be  stored  in  an  exceptionally  dry  spot,  such  as  over  a boiler- 
house.  So  far  as  we  have  observed,  the  manufacturers  one  and  all 
send  out  their  salts  in  dry  state,  and  well  protected  for  travelling  by 
rail.  The  absorption  takes  place  in  the  hands  of  the  retailers  and 
dairyers,  the  latter  especially  being  given  to  storing  it  in  very  unsuit- 
able places.  The  inevitable  consequence  is,  that  the  actual  salt 
influence,  which  is  to  control  fermentation,  varies  much ; and  the 
regulation  quantities  estimated  for  curds  do  not  effect  that  which 
they  are  expected  to  do. 

In  view  of  the  importance  of  having  pure  salt  for  our  work,  we 
recommend  its  purchase  by  guaranteed  analysis.  There  should  be  no 
more  difficulty  in  this  than  with  cattle  foods,  and  manufacturers  who 
have  confidence  in  their  products  will  not  hesitate  to  comply  with  this 
reasonable  demand.  By  this  means  the  reader  may  judge  for  himself 
which,  of  all  the  makes  offered  him,  is  best  for  his  purpose,  and  we 
can  assure  him  that  the  best  is  the  cheapest.  It  is  foolish  indeed  to 
take  a salt  containing  2 or  3 per  cent,  of  impurities  in  preference  to 
one  containing  a half  of  1 per  cent.,  because  the  former  costs  6d. 
per  cwt.  less.  Even  estimating  the  damage  to  the  cheese  at  is.  per 
cwt.,  the  loss  would  be  more  than  a hundred  times  the  saving  in  the 
cost  of  the  salt. 

The  size  of  the  grains  is  of  some  moment.  The  larger  they  are  the 
better  for  such  cheeses  as  retain  the  higher  proportions  of  whey,  for, 
taking  longer  time  to  dissolve,  there  is  less  loss  with  the  whey,  which 
may  be  drawn  or  pressed  from  it.  For  dry  curd  a finer  make  will 
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answer  better,  this  having  little  or  no  loss,  and  requiring  the  distribu- 
tion of  the  preservative  influences  as  early  as  possible,  in  view  of  the 
low  proportion  of  moisture  and  its  corresponding  action  in  dissolving 
the  salt. 

The  proportion  of  salt  must  be  calculated  by  certain  varying 
conditions  : — 

(ei.)  By  the  proportion  of  the  casein  to  the  fat  in  the  curd.  The 
salting  is  done  for  the  sake  of  the  former,  which  is  more  immediately 
subject  to  fermentation  than  the  latter.  Besides  this  the  B.A.F.  and 
other  fat-attacking  microbes,  if  such  be  present,  do  not  commence 
their  operations  until  the  way  has  been  prepared  by  the  friendly  ones. 
Therefore  to  check  these  latter  is  our  aim,  the  others  being  also 
checked  at  the  same  time,  and  to  a greater  extent.  The  more  casein, 
the  more  casein  fermentation — other  conditions  being  favourable, — and 
the  more  salt  is  necessary  to  control  it.  The  variations  in  milk 
quality  point  to  corresponding  differences  in  the  salt  quantities  as 
necessary  to  safe  results.  More  is  needed,  on  this  account,  towards 
the  end  of  the  milking  season  than  at  its  beginning,  and  to  meet  other 
changes. 

At  times,  when  the  milk  is  lowest  in  quality,  the  main  loss  is  in  the 
fats,  the  casein  being  but  little  reduced.  When  the  milk  improves 
it  is  mainly  by  the  increase  of  fat.  Hence  in  the  former  case,  while 
the  curd  falls  off  in  quantity,  it  really  needs  more  salt  because  of  the 
increase  in  the  relative  proportion  of  casein.  This  may  be  illustrated 


by  examples  : — 

I 

2 

3 

— 

— 

— 

Fat  - 

3-25 

2.  So 

3-75 

Casein 

3-40 

3-3o 

3-45 

Total  - 

6.65 

6. 10 

7.20 

Ratio  of  fat  to  casein 

1 to  1.046 

1 to  1. 178 

1 to  ‘92 

Here  are  three  milks,  No.  i being  of  an  average  quality,  and  Nos.  2 
and  3 poorer  and  richer  respectively.  The  proportions  of  fat  and 
casein  to  each  other  are  shown  in  the  lower  figures.  With  equal  care, 
the  fat  and  casein  in  the  curd  should  stand  in  the  same  relations. 
Then  No.  2 will  require  more,  and  No.  3 less,  salt  than  No.  1 ; and  in 
proportion  to  the  increase  or  decrease  of  the  casein  ratio. 

(b.)  By  the  total  yield  of  curd.  It  ordinarily  happens  that  when 
the  casein  r.atio  is  at  its  highest,  that  the  total  yield  of  curd  is  at  its 
lowest ; and  the  reverse  is  true  in  the  other  case.  This  may  be  seen 
by  comparing  the  totals  and  the  ratios  in  the  table  above.  Therefore 
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whije  No.  2 needs  more  salt  because  of  its  higher  casein  ratio,  it  also 
needs  less  because  of  its  lower  yield  ; while  No.  3,  requiring  less 
because  of  its  lower  proportion  of  casein,  requires  more  because  of  its 
own  larger  quantity.  It  may  seem,  in  view  of  these  facts,  as  if  the 
calculation  for  salting  must  needs  be  very  complicated  and  trouble- 
some ; but  there  is  a method  by  which  these  opposite  requirements  are 
met;,  and  the  whole  matter  reduced  to  a simple  and  fairly  reliable 
basis.  Our  calculations  have  been  based  on  percentages,  and  the 
totals  of  fat  and  casein  represent  approximately  the  yield  of  dry  curd 
from  100  lbs.  of  milk  of  each  quality.  The  curd  actually  loses  a little 
fat  and  casein  in  making,  and  contains  more  or  less  of  whey.  This 
does  not  interfere  with  the  soundness  of  our  argument,  for  the  three 
milks  under  similar  management  will  yield  curds  in  proportion  to  the 
total  of  casein  and  fat,  whether  they  be  in  larger  or  lesser  quantity  than 
the  totals  given,  they  will  all  agree  in  retaining  their  origino.1  relative 
proportions  to  each  other.  This  is  all  we  need-  We  have  only  to  set 
the  increase  required  by  No.  2,  because  of  its  high  casein  ratio, 
against  the  decrease  necessary  because  of  its  lower  total  yield  of  curd, 
and  calculate  by  the  milk  quantity  to  reduce  the  whole  matter  to  a 
proper  balance  of  interests.  We  may  therefore  calculate  that  No.  2 
will  need  as  much  salt  for  its  yield  of  6.10  lbs.  with  a casein  ratio  of  1 
to  1.178  as  No.  1 does  for  its  6.65  lbs.  with  its  1 to  1.046  ratio,  because 
what  No.  2 needs  more  than  No.  1 on  account  of  its  higher  casein 
ratio,  it  needs  less  than  No.  1 because  of  its  lower  yield.  The  same  is 
true  of  No.  3,  and  of  all  other  milks  of  nearly  average  quality.  If  the 
weight  of  the  curd  is  made  the  basis  of  our  calculation,  as  it  is  with 
the  great  body  of  English  makers,  then  its  frequent  variations  in  casein 
ratio  must  be  taken  into  account  with  accurate  tests  for  its  determina- 
tion ; but  if  the  salt  is  calculated  by  the  quantity  of  milk,  no  such 
constant  testing  is  necesary.  It  is  not  claimed  that  the  results  of  the 
two  bases  of  calculation  balance  each  other  absolutely,  but  it  is  certain 
that  the  salting  is  much  more  correctly  done  than  when  the  curd  is 
weighed  without  the  variations  in  the  casein  ratio  being  taken  into 
account. 

(c.)  By  the  proportion  of  moisture.  As  this  varies  with  different 
systems,  and  very  commonly  between  the  practice  of  different  makers 
by  the  same  system,  and  the  daily  experiences  of  the  same  maker,  it 
must  be  considered.  Each  system  has  its  own  proper  standard  in 
this  respect,  included  among  the  points  which  give  to  the  product  its 
characteristic  qualities  ; and  must  therefore  be  a law  to  itself.  But 
variations  in  the  same  dairy  are  undesirable.  They  sometimes  arise 
out  of  causes  beyond  the  dairyeds  control ; but  there  is  far  too  much 
carelessness  on  the  point,  carried  even  so  far  as  neglect  to  allow  for 
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excess  of  moisture  when  calculating  the  salt.  But  it  must  be  evident, 
that  as  the  whey  still  contained  in  the  curd  dissolves  the  salt  when 
applied,  whatever  of  that  whey  is  lost  by  draining  or  pressing  must 
carry  its  proportion  of  the  salt  with  it.  The  one  loss  will  be  in  keeping 
with  the  other,  so  that  the  wetter  the  curd,  the  larger  must  be  the 
allowance  of  salt  to  ensure  the  retention  of  a sufficient  proportion. 

Salt  is  applied  either  (a)  from  the  outside  of  the  cheese  when  moulded 
into  its  final  shape,  or  (6)  by  mixing  with  the  curd.  In  the  former 
case,  it  is  necessary  that  the  cheese  should  be  small  enough  to  allow 
the  salt  to  penetrate  to  all  parts,  otherwise  the  outer  and  inner 
sections  will  be  unlike  in  all  respects.  The  other  method  is  suitable 
to  all  the  larger  makes,  but  the  curd  must  be  specially  prepared  for  it. 
This  is  done  by  tearing  the  curd  into  small  pieces  by  hand  (called 
crimming,  where  most  practised),  or  by  grinding  through  a mill.  The 
latter  differs  according  to  the  systems,  but  these  agree  in  desiring  a 
small  and  regular  size  to  the  ground  curd,  in  order  to  an  intimate  and 
uniform  mixing  of  the  salt.  Large  pieces  do  not  receive  their  due 
proportion  of  salt  so  early  as  they  ought,  and  at  their  centres  fermenta- 
tion continues  vigorously  after  it  has  been  checked  in  the  smaller 
fragments.  The  influence  of  salt  on  the  curd  is  soon  observed, — the 
fermentative  changes  fall  back  to  a slower  rate  of  progress,  and  a 
dryness  follows. 

(6.)  Moulding  and  pressing. — Curd  is  not  strictly  cheese  until  it 
has  been  moulded,  and— if  necessary — pressed,  into  its  destined  form. 
This  comes  before  salting,  wherever  that  is  done  on  the  outside,  and 
in  some  systems  follows  immediately  on  the  completion  of  curd 
formation.  In  most  English  systems  it  comes  as  soon  after  salting  as 
the  suitable  temperature  is  secured.  Pressing  is  only  necessary  where 
the  curd  will  not  consolidate  sufficiently  without  it.  Both  are  ruled  by 
the  needs  of  the  various  systems. 

The  temperature  at  which  these  processes  are  carried  out  is  of 
great  moment.  The  fermentation  is  not  so  checked  but  it  will  go 
forward  too  rapidly  if  that  temperature  is  too  high  ; nor  is  it  able  to 
make  proper  progress  if  the  curd  is  too  cold.  Now,  when  the  air 
influence  is  to  be  so  largely  excluded  from  the  inner  parts  of  the 
cheese,  a few  degrees  will  make  all  the  difference  between  success  and 
failure.  The  best  point  for  any  system  will  depend  upon  its  standard 
of  curd-ripeness,  the  proportion  of  whey  retained,  and  the  provision 
made  for  completing  the  manufacture. 

(7.)  Curing  or  ripening  of  the  cheese. — The  previous  processes 
convert  milk  into  cheese,  but  at  this  stage  the  latter  is  unfit  for  food. 
Its  peptonisation  has  proceeded  some  little  way,  according  to  the 
relative  and  combined  influence  of  the  rennet  and  fermentations  ; but 


104 


MILK,  CHEESE,  AND  BUTTER. 


the  contraction  of  the  casein  has  brought  it  to  a state  in  which  it  is 
able  to  resist  the  action  of  the  digestive  juices,  to  an  extent  which  was 
impossible  to  it  in  its  original  milk  form.  For  all  practical  purposes, 
therefore,  curd  is  more  indigestible  than  the  casein  was  in  its  diffused 
state.  Until  the  rennet  and  C.F.  have  done  much  towards  rendering 
it  soluble,  it  is  of  little  food  value.  It  must  be  stored  under  con- 
ditions which  will  favour  the  peptonising  process,  so  far  as  this  is 
consistent  with  the  preservation  of  the  article.  The  clairyer  has  two 
aims, — the  one,  to  get  it  ready  for  use  as  soon  as  may  be ; the  other,  to 
have  it  as  firm  and  free  from  risk  in  carriage  or  keeping  as  is  desirable 
for  the  trade  and  the  consumer.  These  aims  have  to  be  reconciled, 
and  in  this  systems  differ,  and  local  conditions  too,  so  that  the  dairyer’s 
judgment  must  be  wisely  exercised  in  determing  upon  a right  course. 
This  he  can  safety  do,  in  the  light  of  all  the  facts, — both  those  which 
relate  to  his  earlier  processes,  and  those  which  rule  his  later  needs. 

The  work  of  the  rennet  and  the  ferments  in  curing,  must  first  be 
considered  separately.  Of  the  former,  suffice  it  to  say  that  it  simply 
goes  on  to  do  its  main  work  of  reducing  the  casein  to  peptone,  as 
quickly  and  as  fully  as  circumstances  will  allow.  That  it  has  any 
share  with  fermentation  in  other  changes,  such  as  flavour-producing, 
cannot  be  said  with  certainty,  because  we  cannot  make  cheese  entirety 
free  from  ferment  action  ; but  at  present  it  seems  as  if  the  latter  can 
account  for  all  but  the  one  special  work  of  the  rennet. 

The  fermentation  also  proceeds  with  its  characteristic  changes, 
modified  by  temperature,  heat,  and  moisture  ; and  dependent,  in  no 
small  degree,  on  the  kinds  of  ferments  which  are  present.  Whatever 
the  conditions  may  be,  the  ferment  varieties  have  a powerful  share  in 
determining  what  the  cheese  shall  be.  The  friendly  ones  have  the 
first  place. 

The  L.A.F.  does  but  little  if  anything  in  the  way  of  lactic  acid 
production  in  the  made  cheese,  but  the  acid  is  present,  and  affects  the 
life  and  vigour  of  other  ferments,  some  of  them  favourably.  So  far  as 
the  ferment  itself  goes,  its  hardening  tendency  puts  back  the  peptonis- 
ing in  proportion  to  its  relative  power  ; and  when  it  is  in  unusual 
proportion  to  the  rennet,  and,  as  it  sometimes  is,  to  the  C.F.  too,  the 
cheese  is  hard  and  generally  crumbly,  and  the  casein  does  not  adhere, 
as  it  should,  to  form  a good  texture. 

The  C.F.  is  as  influential  as  conditions  will  allow,  and  works  away, 
as  far  as  can  be  known,  to  the  end  of  the  story,  breaking  down  the 
casein  something  like  the  rennet  does,  but  with  a more  direct  effect  of 
chemical  decomposition.  All  that  we  have  observed  tends  to  the 
conviction  that  rennet — if  it  could  act  upon  the  casein  with  only  the 
modifying  action  of  the  L.A.F. — would  produce  a different  series  of 
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results  to  those  which  would  follow  on  the  friendly  ferments  together, 
i.e.,  if  all  other  microbes  were  excluded.  Nevertheless,  there  can 
be  no  doubt  of  the  usefulness  of  the  C.F.  in  producing  digestion  in 
a limited  sense  and  degree. 

These  ferments,  however,  as  in  milk,  prepare  the  way  for  others  ; 
and  although  these,  by  good  management,  may  not  have  been  allowed 
a chance  to  do  anything  in  the  milk  and  curd  during  the  making 
processes,  they  now  come  into  operation.  The  contraction  of  the  curd 
has  given  some  protection  to  the  fat  globules,  the  envelopes  of  which 
by  the  C.F.  action  are  doubtless  reduced  to  a common  state  with  that 
of  the  casein  formerly  diffused  in  the  milk.  But  as  the  C.F.  goes  on  to 
break  down  the  casein,  the  B.A.F.  not  only  finds  the  friendly  con- 
ditions for  its  work,  but  can  reach  the  fats  more  freely,  and,  by  acting 
upon  these,  help  to  form  the  cheese  flavour.  There  is  no  reason  to 
believe  that  the  B.A.F.  action  is  so  influential  as  that  of  the  other 
remaining  ferments. 

A more  powerful  factor  is  the  formation  of  volatile  fats  from  the 
proteids,  and,  not  unlikely,  from  the  fixed  fats  as  well.  The  former  is 
well  established,  and  accounts  for  the  due  proportion  of  casein  and  fat 
in  comparison  with  their  original  relations  in  milk.  In  any  well-made 
cheese  there  will  be  more  fat  to  casein  than  in  the  milk  from  which 
it  was  made  ; and  the  reduction  of  the  casein  ratio  is  consistently 
explained,  both  in  fact  and  in  degree,  by  the  operation  of  the  natural 
laws  governing  fermentation.  The  residue  of  casein  elements  can  be 
shown  to  have  recombined  in  new  forms,  the  P and  S discovering 
themselves  readily  when  the  fermentation  of  this  kind  is  unusually 
rapid,  or  in  the  presence  of  some  taint  ferments,  in  certain  gases  given 
off  from  the  cheese  ; of  which  more  yet. 

Here  is  found  the  butyric  acid  already  described,  as  formed  in  part 
from  the  albuminoids;  combining  with  glycerine  at  first,  but  afterwards 
liable  to  separation  from  this.  The  fatty  acids,  both  of  fixed  and 
volatile  fats,  when  set  free,  combine  partly  with  the  CaO  of  the  ash, 
and  partly  with  the  NH3,  according  to  the  supplies  of  these  materials 
in  an  available  state. 

Ammonia  (NH3)  is  given  off,  and,  combining  with  such  of  the 
residuary  elements  as  are  at  hand,  forms  the  amnionic  salts, — which 
explain  the  fact  that  over-salting  within  the  narrow  limits  of  experience 
tends  to  an  apparent  lack  of  salt,  while  under-salting  gives  the  effect 
which  we  should  expect  to  follow  on  an  excess  of  salt.  For  the  excess 
of  the  preservative  hinders  the  fermentation,  and  the  formation  of 
NHj  salts,  proportionately;  while,  with  the  deficient  salting,  the  fer- 
ments have  full  play,  and  form  the  more  pungent  salts  from  the 
decomposed  casein.  The  presence  of  amnionic  butyrate,  caproate, 
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caprate,  and  capryllate,  with  the  aids  of  the  volatile  fats,  has  been 
proved  by  analysis.  To  these,  in  whatever  proportion,  is  due  the 
return  of  the  cheese  from  an  acid  to  an  alkaline  condition. 

The  ptomaines  of  the  friendly  casein  ferments  are  always  present, 
and  bear  their  share  in  producing  flavour;  but  this  is  small  in  compari- 
son with  that  borne  by  the  products  of  the  mischievous  kinds,  which 
are  both  more  evident,  and  more  dangerous  to  health.  Even  those 
of  friendly  ferments  when  excessive — and  this  means  a proportion  so 
small  as  to  be  scarcely  capable  of  expression  in  figures — are  probably 
unwholesome,  for  in  many  stomachs  they  create  resistance  and  nausea. 
The  taint  ptomaines  are  sometimes  poisonous,  and  without  much 
doubt  unwholesome  in  any  case.  In  1886  a definite  case  of  poisoning 
was  fully  investigated  and  reported  on  by  Dr  V.  C.  Vaughan,  of  the 
Michigan  (U.S.A.)  State  Board  of  Health.  This  was  traced  directly 
to  cheese,  in  which — as  also  in  highly  fermented  milk,  and  in  ice- 
cream which  had  produced  poisoning  symptoms — he  found  crystalline 
matter,  which,  when  separated,  was  used  in  experiments,  effectively 
demonstrating  its  character.  Minute  doses  of  this  substance  caused 
violent  vomiting  and  diarrhoea  in  human  subjects,  and  killed  small 
animals  with  symptoms  like  those  of  cholera.  This  is  identified  with 
the  diazo  compounds,  which  are  formed  out  of  the  fermented  materials 
of  the  volatile  fats  by  the  action  of  nitrous  acid  (HN02),  this  latter 
being  a recombination  product  of  the  casein  decomposition.  It  is 
easy  to  see  that  only  when  the  fermentations  of  the  casein  and  fats  are 
excessive,  and  most  probably  caused  by  special  ferments,  such  results 
will  arise  ; but  the  possibility  points  afresh  to  the  importance  of 
excluding  the  bad  ferments,  and  controlling  the  good  ones.  The  tolera- 
tion of  ignorance  and  carelessness  is  a menace  to  public  health.  The 
accumulation  of  ferment  products  steadily  increases  with  the  age  of 
the  cheese,  but  the  amount  varies  with  different  systems,  and  the 
individual  products  of  each  system.  Besides  these  changes,  there 
are  also  (a)  a formation  of  C02  and  ( b ) a number  of  recombinations  of 
elements  and  compounds  separated  by  fermentation,  and  which — as 
they  depend  on  changing  conditions  affecting  the  proportion  of  their 
materials — are  altogether  too  intricate  to  follow. 

Cheese,  when  ripe  enough  for  eating,  and  later,  consists  therefore 
of — (a)  the  casein  in  a more  or  less  peptonised  and  fermented  state ; of 
(b)  fats,  the  fixed  kinds  originally  in  the  milk  being  probably  somewhat 
changed  by  fermentation,  and  the  volatile  kinds  certainly  so  changed, 
while  the  latter  are  increased  by  casein  decomposition  ; with  ( c ) traces 
of  albumin,  also  fermented  in  the  later  stages  of  curing;  some  (<f)  lactic 
acid,  salt,  and  sundry  chemical  compounds,  as  NH;1  salts,  &c.;  and 
finally,  ( e ) a proportion  of  water,  ranging  from  one-fourth  to  one-half 
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of  the  whole  cheese,  according  to  the  producing  system.  The  pro- 
portion and  influences  of  each  item  above  is  fixed  by  the  system 
and  the  management  of  the  maker ; and  combined,  these  deter- 
mine the  character  of  the  product  to  an  extent  which  is  impossible 
to  any  other  agency  concerned  in  the  matter  in  ordinary  experience. 

Curing  is  therefore  to  be  carried  on  under  conditions  which  tend 
to  the  production,  in  the  curd,  of  the  changes  described,  and  these 
at  a proper  rate.  It  is  easy  to  spoil  the  finest  curd  by  errors  in 
this  part  of  the  work  ; and  we  believe  that  if  there  is  one  point  ip 
which  British  cheese-makers  fail  more  than  in  any  other,  it  is  in 
curing.  This  is  mainly  because  its  importance  is  not  realised,  either 
by  themselves,  or  by  those  who  provide  the  accommodation.  We 
have  seen  many  dairies,  but  cannot  recall  a dozen  in  which  this 
process  can  be  properly  carried  out,  and  generally  have  found  the 
dairyer  content  with  his  curing-room,  unless  he  had  to  complain 
of  the  lack  of  labour-saving  conveniences.  Let  the  conditions  be 
considered  in  order. 

The  Temperature. — This  must  be  fixed  according  to  the  system, 
but  in  every  case  will  need  more  warmth  at  times  than  the  air  can 
give.  Some  means  of  heating  must  consequently  be  provided  ; and 
whatever  this  may  be,  it  should  be  capable  of  regulation.  No  ex- 
pense or  trouble  is  too  great  to  be  taken  in  order  to  secure  this 
power  of  control.  Any  apparatus  which  will  not  meet  the  greatest 
cold  to  which  the  cheese  is  liable,  and  maintain  the  necessary  tem- 
perature, is  a practical  failure,  and  more  may  be  lost  in  a single 
season  by  its  use  than  has  been  gained  by  its  cheapness.  The 
effectiveness  of  any  provision  will  depend  much  upon  the  construc- 
tion of  the  curing-room  ; the  more  perfectly  it  excludes  or  controls 
the  influence  of  the  outer  air,  the  less  will  be  the  demand  made  on 
the  source  of  heat.  The  ventilation  of  the  room  should  therefore 
be  planned  to  operate  with  its  heating  so  that  the  two  may  work 
harmoniously  to  the  best  ends.  The  constructive  arrangements 
necessary  to  these  points  will  be  shown  in  describing  the  dairies 
of  the  various  systems. 

The  higher  the  temperature  is,  within  proper  limits,  the  more 
rapid  will  be  the  fermentation.  In  the  case  of  excess,  the  cheese 
will  dry  unduly,  even  to  the  waste  of  fat  ; and  while  at  first  the 
ferments  will  be  helped,  the  rapid  removal  of  moisture  will  tend  to 
check  them  later.  Against  this  limiting  of  the  flavour  production 
must  be  set  the  great  encouragement  given  earlier,  and  the  tallowing 
of  the  fats,  which  gives  a vile  flavour.  The  exposure  of  the  best  curd  to 
excessive  heat  is  to  ruin  it.  On  the  other  hand,  too  low  a temperature 
checks  rennet  and  ferment  action,  and  slow  curing  will  result;  while 
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other  ferments,  finding  favourable  conditions,  produce  bitterness,  and 
other  ill  flavours.  The  slow-drying  causes  dampness  and  discolora- 
tion, particularly  near  the  outside  of  the  cheese.  The  range  within  which 
these  ill  effects  are  avoided  is  narrow  for  any  system,  and  the  dairyer 
must  watch  the  variations  with  unwearying  carefulness.  His  greatest 

help  in  this  will  be  the  self-registering 
thermometer,  Fig.  24,  which  consists  of 
a bent  tube  a with  two  bulbs.  In  the 
bend  lies  the  mercury,  above  which  spirit 
fills  the  branch  b and  its  bulb  entirely, 
and  partly  the  other  branch  c also. 
When  the  temperature  rises,  the  spirit 
in  b expanding,  forces  the  mercury 
downwards  ; and  this  rising  in  c,  and 
itself  expanding,  shows  the  increase  of 
heat  on  the  scale.  With  the  increase 
of  cold,  both  the  mercury  and  the  spirit 
in  b contract,  and  the  spirit  in  c drives 
the  mercury  upwards  in  b to  the  limit 
of  the  spirit  contraction  in  that  branch, 
so  that  the  rising  of  the  mercury  in  this  case 
is  the  same  as  its  falling  in  an  ordinary 
thermometer.  Registers  of  metal,  d,  e,  rise 
with  the  mercury  in  either  branch  with 
changes  of  temperature,  and  when  the 
column  sinks  remain  behind,  showing 
the  point  which  had  been  reached.  The  register  d shows  the  minimum 
point  to  which  the  temperature  has  fallen,  and  e the  maximum  point 
to  which  it  has  risen,  since  last  they  were  set.  A magnet  f is  used 
for  drawing  them  down  to  the  tops  of  the  mercury  column. 

Moisture  of  Air. — Scarcely  less  important  is  the  proportion  of 
moisture  in  the  air.  Cheese,  especially  in  its  earliest  age,  gives  off 
much  moisture.  If  the  room  be  not  properly  ventilated,  this  will  load 
the  air  until  it  ceases  to  take  up  that  which  continues  to  be  thrown  off ; 
and  this,  lodging  in  the  outer  parts  of  the  cheese,  helps  fermentation 
there  and  causes  discoloration  and  soapiness  of  texture.  If  the  air  is 
too  dry,  and  its  passage  too  rapid,  it  will  tend  to  dryness  of  the  outer 
part  and  cracking  of  the  skin.  In  either  case,  uniformity  is  sacri- 
ficed, and  food  and  trade  values  are  reduced.  The  state  of  the 
cheese,  as  it  is  moist  or  dry  in  proportion,  serves  roughly  as  an 
indication  of  the  state  of  the  air,  but  it  is  best  to  employ  a hygro- 
meter, thus  securing  accuracy. 

As  in  the  working  process,  so  now,  the  cheese  needs  frequent 


Fig.  24. — Self-Registering 
Thermometer. 
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turning,  so  that  its  moisture  may  be  evenly  distributed,  and  its 
drying  and  curing  be  equal  throughout.  According  to  the  amount 
of  moisture,  so  will  be  the  fermentation  ; and  if  a cheese  is  allowed 
to  remain  too  long  on  one  side,  the  result  must  needs  be  a differ- 
ence of  condition  in  several  respects.  The  contraction  of  the  casein 
still  continues,  and  though  it  is  now  very  slight,  yet  it  helps  in  the 
expulsion  of  the  moisture  ; and  as  this  proceeds,  the  distribution 
of  the  latter  is  not  so  quickly  disturbed  as  in  the  earlier  stages. 
The  cheese  does  not  therefore  need  turning  so  often,  and  as  time 
passes  the  labour  decreases. 

Moulds. — These  fungoid  growths,  which  are  common  to  moist 
organic  substances,  find  a home  on,  and  sometimes  within,  cheese 
during  the  curing  process.  They  include,  as  a class,  objects  as  large 
as  the  mushroom  and  kindred  growths,  and  others  so  minute  as  to 
need  the  microscope  to  show  their  form  and  character.  They  have 
points  in  common  with  ferments,  but  these  are  also  common  to  most 
plants  ; and  moulds  are  unlike  the  microbes  in  certain  important 
respects.  For  one  thing,  the  microbe  lives  an  independent  existence; 
the  mould  grows  from  a species  of  root,  which  penetrates  the  surface 
of  the  substance  on  which  it  depends.  There  are  several  kinds 
which  grow  on  the  cheeses,  of  different  systems,  and  under  varying 
conditions.  The  most  common  of  these  is  Peni- 
cillium  glaucum  (Fig.  25),  which  gives  the  cheese 
a greenish-blue  colour,  growing  lighter  with  low 
temperatures.  The  range  within  which  it  thrives  is 
from  50°  to  60°  F.  It  feeds  upon  the  moisture  and 
decomposing  matter  which  gathers  on  and  below 
the  surface  of  the  cheese,  and  increases  by  the 
formation  of  seeds  called  spores , which  in  time 
are  cast  off  to  germinate  wherever  they  can  find  a Fig.  25.— Penicilliom 
suitable  soil.  Their  propagation,  under  suitable  Glaucum. 
conditions,  is  very  rapid.  They  are  not,  however,  of  more  than 
trifling  importance  in  comparison  with  ferments,  for  though  in  the 
course  of  their  feeding  they  effect  certain  changes  in  the  materials 
of  their  cheese  soil,  such  as  the  saponification  of  its  fats,  the  acids  of 
which  form  salts  with  NH:!,  and  possibly  others,  they  only  affect  the 
cheese  in  the  way  in  which  plants  affect  the  earth,  by  taking  up  what 
they  need,  and  leaving  remainders  when  the  decomposition  for  feed- 
ing purposes  is  not  wrought  within  themselves.  So  far  then  as  they 
are  found  on  the  outside  of  a cheese  only,  they  do  but  little  harm. 
There  are  one  or  two  varieties  which  are  very  mischievous,  a black 
mould  especially,  which  causes  erosion  or  wasting  of  the  cheese 
surface,  and  production  of  a bad  flavour.  With  this  we  have  had 
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some  experience,  and  found  it  very  difficult  to  get  rid  of.  Red  and 
yellow  moulds,  varying  in  their  shades  of  colour  under  different 
temperatures  and  variations  of  moisture,  are  found  occasionally  in 
most  curing-rooms,  but  especially  on  soft  cheeses,  where  the  appear- 
ance is  watched  for  as  an  evidence  of  cheese  condition,  and  the  right 
state  of  the  air  for  its  needs.  When  seen  on  the  hard  cheeses  of  most 
English  systems,  they  usually  point  to  too  much  moisture  ; but  their 
distribution  depends  somewhat  on  that  of  their  spores,  which  may  at 
any  time  be  brought  in  from  other  sources  and  form  a temporary' 
settlement. 

When  opportunities  occur,  moulds  find  their  way  to  the  insides  of 
cheeses,  and  grow  within  their  cracks.  If  a cheese  be  cut,  and  the 
boring  allowed  to  remain  open  for  a few  minutes  before  returning  the 
plug  (part  of  which  will  have  been  used  for  tasting),  the  spores  are 
almost  certain  to  enter,  and  spread  wherever  they  can  find  free  space. 
They  feed  in  such  case  just  as  on  the  surface,  but  they  and  their 
products  are  eaten  with  the  cheese,  and  add  greatly  to  the  enjoyment 
of  the  majority  of  consumers.  Scarcely  any  luxury  exceeds  “blue- 
mould”  cheese  in  the  estimation  of  the  gourmand.  Hence  the 
internal  growth  is  purposely  encouraged  in  some  systems.  The  effect 
on  the  palate  is  not  unlike  that  of  the  mushroom,  to  which  the  mould 
is,  of  course,  related.  Wherever  this  is  desired  it  must  be  introduced 
and  encouraged.  The  makers  who  follow  the  systems  referred  to 
commonly  assert  that  their  kinds  of  cheese  cannot  be  success- 
fully made  in  the  dairies  of  other  systems.  This  is  true  as  to  a 
beginning  in  many  cases,  but  there  is  nothing  in  the  world  to 
hinder  the  introduction  of  the  appropriate  mould  by  some  old 
cheese.  A very  little  time  and  trouble  suffices  to  secure  the  supposed 
monopoly. 

It  is  desirable  in  other  cases  to  keep  the  harmless  moulds  well 
under  hand,  though  not  necessarily  to  banish  them.  This  can  be 
very  well  managed  by  rubbing  the  cheese  surfaces  with  the  hand  or  a 
brush.  When,  however,  the  troublesome  ones  make  their  appearance, 
it  is  necessary  to  use  boiling  water  in  a quick  application  to  the 
brushed  cheese,  and  for  washing  the  shelves  and  the  brush  afterwards. 
This  will  be  effectual  in  time  if  the  fresh  colonies  are  watched  for  and 
attacked  at  sight.  The  shelves  or  floors  on  which  mouldy  cheeses 
have  stood  require  such  washings  after  every  clearance  of  goods, 
otherwise  they  not  only  spread  the  moulds  too  liberally,  but  them- 
selves damage  by  rotting. 

Insect  Pests. — These,  though  outside  of  cheese-making  when 
strictly  considered,  have  to  do  with  the  product,  and  can  be  properly 
described  here, 
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(a.)  The  Cheese  fly  (. Piophila  casci),  Fig.  26 a (magnified),  is  a tiny 
insect  which  lays  its  eggs  in  cracks  in  the  cheeses,  and  the  shelves  or 
floors  on  which  they  rest,  also  under  the  folds  of  any  cloths  with  which 
the  cheeses  are  protected.  They  especially  select  moist  spots  for  this 
purpose.  The  maggots  (h),  which  hatch  out  a few  days  later,  are  nearly 
white,  and  thrive  well  with  such  good  fare,  meanwhile  spoiling  the 
surrounding  cheese  by  their  excretions.  By  curling  as  at  c,  until  they 


Fig.  26.—Chef.se  Fly  and  Maggot. 


literally  can  “make  ends  meet,”  and  then  straightening  themselves 
out  with  a vigorous  action,  they  can  leap  several  times  their  own 
length.  They  can  only  be  removed  for  destruction  ; for  while  there 
are  numerous  insect  powders  that  will  kill  them,  few,  if  any,  of  these 
would  be  safe  to  use  with  a food.  But  such  preparations  may  well  be 
used  to  destroy  the  flies. 

(6.)  The  Cheese  mite  ( A earns  domesticus),  Fig.  27  (magnified), 
generally  appears  in  large  numbers  as  a brown  dust  on  the  cheese ; but, 
when  seen  under  the  microscope,  as  an  almost  colour- 
less insect.  It  prefers  dry  surfaces,  and  especially 
those  of  cheeses  made  from  creamed  milk,  and  which 
are  generally  drier  than  whole  milk  goods.  They  have 
no  special  objection  to  the  latter,  however,  and  when 
once  they  have  taken  possession  are  long  visitors. 

Their  increase  is  rapid.  The  best  way  to  get  rid  of 
them  is  to  scrape  them  into  a vessel  and  subject 
them,  the  cheese,  and  the  shelves,  to  boiling  water  Cheese  Mite 
with  salt  in  it. 

Colouring  of  Cheese.— It  has  long  been  the  practice  of  the  makers 
in  certain  districts  to  colour  their  cheese  in  various  ways.  This  is  not 
essential  to  any  system  ; nor,  however  ancient  the  custom,  can  it 
properly  have  anything  to  do  with  the  naming  of  any  variety,  popular 
notions  notwithstanding. 

If  the  substance  of  the  cheese  is  coloured,  an  fiat  to  is  generally 
used.  This  is  a material  obtained  from  the  seed  pods  of  a tropical 
bush,  the  Bixa  Orellana.  There  are  two  colouring  matters,  one  red, 
the  other  yellow,  and  these  are  prepared  in  a liquid  form  by  steeping 
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in  an  alkaline  solution,  in  oil,  or  spirit,  according  to  its  purpose. 
There  is  possibly  no  danger  to  the  health  from  any  of  the  preparations 
by  respectable  firms,  but  the  taste  and  smell  are  both  vile ; and, 
though  used  only  in  very  small  proportions,  are  calculated  by  so  much 
to  alter  the  flavour  of  a cheese.  The  quantity  used  varies  from  a 
drachm  to  two  ounces  per  hundred  gallons  of  milk,  the  latter  giving 
an  orange-red  hue.  The  different  preparations  show  more  or  less 
redness  or  yellowness  in  result,  pointing  to  differences  in  manufacture. 

Annatto  is  liable  to  produce  irregularities  in  cheese.  If  it  is  not 
properly  mixed  with  the  milk  and  at  the  right  time,  it  will  not  be  dis- 
tributed evenly.  Worse  than  any  patchiness  of  colour  due  to  neglect, 
is  that  arising  from  its  fermentation.  Being  a vegetable  substance,  it 
is  liable  to  be  attacked  by  special  ferments,  which  would  probably  be 
otherwise  harmless.  In  tainted  cheese  the  annatto  generally  “ flies,” 
leaving  weak  spots,  and  these  join  with  the  ill  flavour  to  condemn  the 
article  to  a low  price.  Some  districts  have  suffered  much  in  this 
respect  of  recent  years.  They  have  most  likely  always  so  suffered 
more  or  less,  but  in  these  times  such  matters  obtain  a notice  which 
they  formerly  did  not.  We  have  always  heard  of  the  trouble  as 
belonging  to  the  days  of  our  fathers,  who  groaned  and  bore  it,  and 
still  coloured  their  goods.  Personal  inspection  of  stocks  in  a certain 
famous  dairy,  temporarily  afflicted  with  “ colour  flying,”  satisfied  us 
that,  in  that  case  at  least,  the  cause  was  special  fermentation  ; for  the 
flavours  and  other  evidences  of  taint  were  distinct,  and  in  proportion 
to  this  was  the  loss  of  colour.  Other  observations,  though  not  so 
complete,  confirm  our  belief  that  the  evil  is  mainly  due  to  this  cause, 
and  that  there  is  only  one  way  to  avoid  it,  viz.,  by  ceasing  to  colour 
at  all. 

Why  is  annatto  used  ? Because  the  British  cheese  consumer  is 
ignorant  and  gullible.  He  knows  that  the  yellow  milk  of  the  Jersey  is 
richer  than  the  whiter  milks  of  other  breeds,  and  so  gets  the  notion 
that  the  butter  or  cheese  which  is  yellow  or  red  must  be  richer  than 
the  paler  products.  He  will  eat  a cheese  made  from  partly  creamed 
milk,  and  rejoice  in  its  “richness”  because  it  is  coloured  ! The  trade 
then  bows  to  his  demand  for  a coloured  cheese,  and  when  the  demand 
is  passed  on,  the  dairyer  bows  to  the  trade.  So  the  consumer  is 
gulled  to  order.  There  can  be  no  mistake  about  the  folly  of  the  whole 
proceeding.  Not  one  particle  of  food  value  does  it  add  to  the  cheese  ; 
it  is  troublesome  at  times,  and  always  nasty.  We  sincerely  hope  that 
it  will  speedily  disappear  from  the  dairy. 

Uniformity  of  System  Needful. — The  various  practices  of  every 
system  must  be  brought  into  such  relations  as  will,  with  proper  care, 
give  the  best  products  possible  to  it.  If  an  error  or  evil  condition 
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arises  anywhere,  the  whole  of  the  processes  following  after  are  liable 
to  be  affected  prejudicially.  From  the  beginning,  where  the  health 
and  management  of  the  cow  control  the  state  of  the  milk,  to  the  end, 
where  the  finished  product  passes  out  of  the  dairyer’s  hands,  there 
is  not  one  solitary  point  that  is  unimportant,  or  that  can  be  slighted 
without  penalty.  Compensations  for  error  may  be  made  to  some 
extent,  but  they  can  never  give  the  finest  results. 

We  must  not  only  carry  out  our  chosen  system  as  perfectly  as 
possible,  but  also  aim  at  uniformity  in  the  product.  This  would  be 
comparatively  easy  if  the  daily  conditions  were  alike  ; but  as  these 
vary,  scarcely  ever  repeating  themselves  on  following  days,  any  hard 
line  of  repetition  of  practice  in  detail  must  necessarily  make  uniformity 
in  the  cheese  impossible.  How  can  it  be  otherwise?  To  bring 
uniformity  out  of  varying  conditions,  we  must  plainly  meet  these  by 
varying  our  practice  within  the  limits  of  our  system.  The  work  of 
the  cheese-maker  will  therefore  depend  for  its  success  in  no  small 
degree  on  his  familiarity  with  the  facts  relating  to  his  material  and 
conditions,  his  quickness  to  perceive  changes,  and  his  soundness  of 
judgment  in  meeting  them  consistently  ; and  these  powers  can  only 
be  acquired  by  study,  practice,  and  observation.  Therefore,  though 
we  shall  endeavour  herein  to  advise  for  common  contingencies,  all  the 
many  minor  variations  must  be  left  to  the  reader.  To  anticipate  them 
all  would  need  a bulky  volume. 

For  the  same  purpose  of  securing  uniformity  in  the  cheese,  all 
mingling  of  the- practices  of  various  systems  should  be  avoided  wher- 
ever the  grafts  are  in  any  sense  or  degree  out  of  harmony  with  the 
main  stock.  Many  makers  adopt  all  sorts  of  ingenious  suggestions 
indiscriminately,  especially  for  the  saving  of  time  and  labour  ; but  the 
results  are  rarely,  if  ever,  of  the  finest.  It  is  better  to  hold  to  one 
system,  and  consider  the  possibility  of  improvement  only  in  the  light 
of  its  essential  principles. 

The  Factory  System. — The  factory  system  must  here  receive 
attention.  By  this  we  mean  the  manufacture  of  milks  from  various 
sources  in  one  building  and  under  one  management,  and  not  any 
special  system  of  cheese-making.  This  usually  involves  the  mixing  of 
milks  with  a view  to  that  economy  of  building  space,  appliances,  and 
labour  which  the  factory  system  rightly  claims  to  effect. 

What  are  the  effects  of  this  mixing  ? 

It  has  already  been  shown  that  so  far  as  the  “character” — which  is 
the  product  of  soil  and  feeding  influence— is  concerned,  the  mixing  of 
milks  tends  distinctly  to  uniformity,  and  the  confinement  of  variations 
within  a narrow  range.  This  is  proved  by  experience,  and  makes 
possible  the  more  uniform  management  which  obtains  in  the  factories 

H 


ii4 


MILK,  CHEESE,  AND  BUTTER. 


everywhere.  It  is  not  asserted  that  the  factory  managers  all  work 
alike  or  produce  like  results,  but  simply  that  both  work  and  results 
are  much  more  alike  among  them  than  among  home  dairyers  ; and 
the  narrowing  proceeds  steadily,  year  by  year,  as  any  painstaking 
observer  cannot  fail  to  see.  This  uniformity  is  not  the  same  thing  as 
a high  average  quality.  Whether  the  latter  is  attained  or  attainable 
in  factories,  does  not  rest  merely  with  any  advantage  which  such 
blendings  of  milk  may  confer,  though  this  in  some  degree  helps  to  the 
best  results  ; but  a general  uniformity  is  a natural  outcome  of  the 
factory  system,  as  is  admitted  by  its  stoutest  opponents,  and  can  only 
be  sacrificed  by  bad  management.  Even  when  the  cheese  of  the 
factory  is  inferior,  its  range  of  value  is  quite  narrow  compared  with 
that  of  the  average  farm  dairy. 

In  the  other  matters  the  factory  and  farm  dairy  are  equally  subject 
to  the  laws  which  govern  quality,  and  error  in  either  case  has  a like 
effect.  Given  an  equal  knowledge,  skill,  and  familiarity  with  local 
conditions,  the  same  person  shall  make  equally  fine  goods  in  a farm 
dairy  as  in  a factory;  and  vice  versa , provided  the  proper  conveniences 
be  at  his  hand,  and  the  milk  of  proper  quality  and  character.  The 
influence  of  qua?itity  is  distinctly  in  favour  of  the  factory  ; for  with  the 
larger  body  of  milk  the  temperatures  are  better  sustained,  and  the 
extremes  of  the  heat  limit  are  unnecessary.  The  concentration  of  one 
person’s  energy  and  judgment  on  the  work,  which  would  otherwise 
have  been  distributed  among  a dozen  or  two  of  home  cheese-makers,  may 
be  a benefit  or  a disaster,  according  as  he  is  capable  and  careful,  or 
the  opposite  ; but  the  qualifications,  personal  and  acquired,  of  the 
dairyer-in-charge,  touches  the  home  dairy  as  well  as  the  factory,  and 
the  possibilities  of  failure  at  that  point  has  nothing  to  do  with  the 
soundness  of  the  factory  system.  One  might  as  well  argue  against 
any  of  the  best  cheese-making  systems,  because  it  will  not  secure  the 
best  goods  under  an  ignorant  or  careless  hand.  If  this  question  is 
divested  of  all  matters  which  are  not  concerned  in  it,  and  reduced  to 
common-sense,  it  is  easy  of  settlement.  What  there  is  to  hinder  a 
factory  being  as  well  designed  and  constructed,  and  as  well  managed 
as  a farm  dairy,  nobody  has  ever  yet  shown,  and  we  may  take  the  two 
as  on  a level  in  that  respect. 

But  attempts  have  been  made  to  show  that  the  mixing  of  milks 
is  mischievous,  and  preventive  of  success.  This  has  been  set 
down  to  interference  with  the  proper  course  of  fermentation.  We 
fail  to  see  how  the  mixing  of  any  number  of  sound  milks  together, 
in  clean  vessels,  and  under  the  pure  air  only,  can  cause  any  such 
interference  ; but  since  it  has  been  asserted,  let  the  matter  be 
examined.  The  introduction  of  a tainted  milk  may  be  admitted  to 
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account  for  any  amount  of  irregularity,  but  this  is  not  necessary  to  the 
factory'  anyr  more  than  to  the  farm  dairy.  It  happens  as  often,  \\c 
firmly  believe,  in  the  latter  as  in  the  former,  but  is  inexcusable  in 
either.  If  the  factory  manager  must  needs  take  the  milks  sent  to  him 
without  questioning  their  fitness  for  his  purpose,  then  the  factory  must 
become  the  dumping-ground  for  the  bad  milks  of  careless  farmers  ; 
but  this  is  no  essential  part  of  its  management.  Wherever,  through 
unwatchfulness  or  moral  cowardice,  such  milks  are  received,  these 
defects  in  the  manager  must  be  blamed  for  the  results,  and  not  the 
system  ; for  in  what  would  the  consequences  differ  in  his  case  from 
those  arising  from  the  use  of  such  milk  in  a farm  dairy,  saving  in  their 
distribution  through  a larger  body  of  milk,  the  contents  of  one  making 
vessel  ? One  bad  cheese  in  ten  is  no  better  than  ten  such  among  a 
hundred,  so  far  as  the  comparative  damage  is  concerned.  Therefore 
the  possibility  of  damage  from  bad  milks  cannot  be  laid  to  the  factory 
system  as  one  of  the  dangers  peculiar  to  it,  until  it  is  shown  not  to 
exist  in  farm  dairying. 

In  the  blending  of  sound  milks  there  is  no  danger.  If  any  milk  is 
capable  of  injuring  another  by  being  added  to  it,  that  milk  is  mani- 
festly an  unsound  one,  and  incapable  of  making  a fine  cheese  by  itself. 
Does  the  mixing  of  milks  bring  new  ferments  into  existence  out  of 
nothing?  It  certainly  cannot.  Such  a belief  would  be  but  the 
“spontaneous  generation”  theory,  which  has  been  shattered  to  its 
foundations,  and  can  never  be  rebuilt.  A ferment  can  only  be  pro- 
duced from  a germ,  and  if  the  germ  is  present  it  is  capable  of 
germination  and  increase  under  certain  conditions,  and  if  these  be 
absent  the  germ  remains  inactive.  Therefore  to  produce  bad  cheese 
by  any  interference  with  fermentative  processes,  must  involve  the  germ 
and  its  proper  conditions.  If,  then,  separate  milks,  containing  no 
ferments  capable  of  doing  mischief  in  them,  are  mixed  together  under 
like  conditions,  no  harm  can  ensue.  If  one  is  much  warmer  or  more 
highly  fermented  than  the  others,  it  will  by  so  much  encourage  the 
ferments  found  in  the  mixture,  or  modify  their  proportions  and 
influence  ; and  even  the  friendly  ferments  may  be  in  excess,  as  we 
know.  But  this  case  is  precisely  as  the  other — a matter  of  manage- 
ment. Every  experienced  dairyer  knows  that  such  effects  follow,  and 
avoids  the  causes,  even  when  he  does  not  understand  their  nature. 
The  city  milk  trade  is  always  urging  the  separation  of  milks  varying 
much  in  temperature,  and  this  consistently  with  our  teachings  on 
fermentation. 

What  does  experience  teach?  Many  farmers  have  brought  milks 
from  separate  holdings  to  the  same  home  dairy,  and  mixed  them 
without  damage.  In  what  does  such  a custom  differ  from  that  of  the 


MILK,  CHEESE,  AND  BUTTER. 


I 1 6 

factory  ? If  blending  is  bad  in  the  latter,  why  not  here  also  ? But  the 
factory  system  can  speak  for  itself.  In  different  parts  of  the  world, 
under  great  disadvantages,  it  has  taken  the  supplies  of  the  less 
successful  farmers  (for  those  who  are  doing  handsomely  do  not  sell 
their  milk),  and  out  of  these  it  has  made  goods  the  average  of  which 
is  considerably  above  that  of  the  goods  made  from  corresponding 
milks  in  the  farm  dairies,  or  even  than  that  of  the  whole  market, 
taking  all  kinds  and  qualities  of  cheese  in  their  proportions.  This 
would  have  been  impossible  if  there  had  been  some  inherent  mischief 
arising  out  of  the  mixing  of  supplies.  It  may  therefore  be  accepted, 
that  there  is  nothing  in  the  factory  system,  or  inseparable  from  it,  to 
prevent  the  cheese  made  from  any  milk,  or  mixture  of  milks,  being 
the  best  possible  to  it,  or  equal  to  the  average  of  the  best  possible 
products  of  the  same  milks  separately  manufactured. 


CHAPTER  IX. 


THE  CHEDDAR  SYSTEM  AND  ITS  PRODUCT. 

The  Cheddar  system  has  been  selected  to  occupy  the  first  place, 
because,  of  all  British  systems,  it  is  the  most  completely  reduced 
to  form  and  rule  ; and  because  it  illustrates  more  principles,  and 
includes  more  diverse  practices,  than  any  other.  It  is  therefore 
peculiarly  fitted  to  exhibit  the  general  principles  already  laid  down. 
A careful  study  of  so  comprehensive  a system  will  be  beneficial  even 
to  cheese-makers  who  follow  others  in  their  own  dairies,  enabling 
them  to  understand  the  better  the  influence  of  each  practice  concerned 
in  the  methods  of  their  choice. 

While  the  system  is  more  widely  known  than  any  other,  it  is 
specially  practised  in  the  county  of  Somerset,  where  it  first  saw  the 
light,  and  derived  its  name  from  the  village  of  Cheddar,  which  is 
situated  at  the  southern  foot  of  the  Mendip  Hills.  The  northern  part 
of  the  county,  to  which  the  manufacture  is  mainly  confined,  is  occupied 
by  the  soils  of  the  Carboniferous  Limestone,  the  New  Red  Sandstone, 
and  the  Lias,  with  younger  rocks  on  the  east,  stretching  into  Wiltshire. 
It  is  not,  however,  confined  to  that  district,  but  is  practised  in  Dorset, 
in  south-west  Scotland  to  some  extent,  and  here  and  there  throughout 
the  world,  on  almost  all  soils  and  under  very  different  climatic  con- 
ditions. In  so  saying,  we  do  not  include  the  American  or  Canadian 
systems,  which,  though  their  followers  defer  to  Cheddar  teaching  so 
far  as  pleases  them,  are  not  identical  with  the  Cheddar  system, 
excepting  in  so  far  as  they  have  grafted  certain  Cheddar  practices  to 
their  own  stock,  and  profited  thereby. 

Cheddar  cheese,  when  well  and  truly  made  from  sound  milk  of 
average  or  better  composition,  is  of  rich  quality,  perfect  solidity, 
mellow  or  plastic,  and  of  specially  mild  and  pleasing  .flavour,  remind- 
ing the  eater  of  a ripe  hazel-nut.  It  will  keep,  under  proper  conditions 
and  with  continual  improvement,  from  one  to  two  years  ; and  yet — 
such  are  the  principles  of  the  system—  it  may  be  consumed  at  three  or 
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four  months  old  ; and  though  scarcely  possessing  sufficient  flavour  at 
that  age  to  satisfy  lovers  of  the  piquant,  will  be  more  digestible,  and 
therefore  more  valuable,  as  a food  than  any  other  English  hard-curd 
product  of  similar  age.  The  long-keeping  capabilities  of  the  Cheddar 
are  well  known  and  quoted  by  all  writers,  but  the  early  digestion  is 
not  usually  referred  to. 

The  composition  of  Cheddar  cheese  is  variously  stated,  but  the  best 
account  we  have  seen  is  that  of  the  late  Dr  Augustus  Voelcker,  in 
the  Royal  Agricultural  Society's  Journal,  vol.  xxii.,  part  r.  Such  is 
the  value  of  the  analyses  there  given,  and  of  his  notes  thereupon,  that 
we  quote  the  former  in  part,  and  the  latter  at  length  : — 


Water 

Average  of 
Six  Analyses. 

- 34-  60 

No.  1. 

11  Months  old. 
30.32 

No.  4. 

6 Months  old. 
33-92 

Fat  - 

- 31-03 

35-53 

33-15 

Casein 

27.60 

28,18 

28. 12 

Sugar,  Acid  Extractives 

2.94 

1.66 

.96 

Salt 

1.04 

i-55 

I-I5 

Ash 

.2-79 

2.76 

2.70 

100.00 

100.00 

100.00 

“ The  rich  appearance  of  old  cheese  is  by  no  means  attributable  to 
a very  large  proportion  of  butter  ; nor  is  the  poor  condition  of  new  or 
badly-made  cheese  referable  solely  to  a deficiency  of  butter.  One  of 
the  chief  tests  of  the  skill  of  the  dairymaid  is  the  production  of  a rich- 
tasting and  looking,  fine  flavoured,  mellow  cheese,  from  milk  not 
particularly  rich  in  cream.  That  this  can  be  done,  is  abundantly 
proved  by  the  practice  of  good  makers.  One  of  the  finest  Cheddars 
that  I have  ever  examined  is  that  mentioned  as  No.  4 in  the  above 
table.  This  was  made  by  Mr  Harding,  Marksbury,  Somersetshire, 
and  analysed  by  me  when  six  months  old.  Like  all  good  cheeses,  it 
of  course  contains  a large  amount  of  butter ; though,  as  I found  by 
experiment,  not  so  large  an  amount  as  its  appearance,  rich  taste,  and 
fine  mature  condition,  seemed  to  imply.  Though  only  six  months  old, 
it  had  a much  more  mature  appearance  than  the  Cheddar  cheese 
No.  1,  which  was  at  least  eleven  months  old  when  analysed  ; and, 
thanks  to  Mr  Harding’s  skill  and  experience,  had  a much  fatter  and 
more  mellow  appearance,  and  richer  taste,  than  a specimen  which 
actually  contained  2^  per  cent,  more  butter. 

“ Thus  we  see  that  the  proportion  of  butter  does  not  entirely  deter- 
mine the  value  of  cheese,  since  a high-priced  Cheddar  or  Cheshire 
cheese  does  not  necessarily  contain  more  butter  than  another  which 
fetches  eight  or  ten  shillings  less  per  hundredweight  in  the  market. 
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“ In  the  opinion  of  good  judges  the  Cheddar  cheese  No.  i,  notwith- 
standing a larger  amount  of  butter,  and  the  smaller  amount  of  water 
which  it  contained,  was  worth  less  than  No.  4 by  one  penny  per 
pound — no  inconsiderable  difference  in  the  returns  of  a dairy  to 
remunerate  capital  and  skilful  management.  The  peculiar  mellow 
appearance  of  good  cheese,  though  due  to  some  extent  to  the  butter 
which  it  contains,  depends  in  a higher  degree  upon  a gradual  transfor- 
mation which  the  casein  or  curd  undergoes  in  ripening.  The  curd  is 
hard,  and  insoluble  in  water,  but  by  degrees  it  becomes  softer  and 
more  soluble — or,  speaking  more  correctly,  gives  rise  to  products  of 
decomposition  which  are  soluble  in  water. 

“Now,  if  this  ripening  process  is  improperly  conducted,  or  the 
original  character  of  the  curd  is  such  that  it  adapts  itself  but  slowly  to 
this  transformation,  the  cheese  when  sold  will  be,  comparatively 
speaking,  tough,  and  appear  less  rich  in  butter  than  it  really  is  ; while 
in  a well-made  and  properly-kept  cheese  this  series  of  changes  will  be 
rapidly  and  thoroughly  effected.  Proper  ripening  thus  imparts  to 
cheese  a rich  appearance,  and  unites  with  the  butter  in  giving  it  that 
most  desirable  property  of  melting  in  the  mouth.  On  examining  some 
cheeses  deficient  in  this  melting  property,  and  accordingly  pronounced 
by  practical  judges  defective  in  butter,  I nevertheless  found  in  them 
a very  high  percentage  of  that  substance, — clear  proof  that  the  mellow 
and  rich  taste  of  cheese  is  not  entirely,  nor  indeed  chiefly,  due  to  the 
fatty  matters  which  it  contains.” 

Both  theory,  as  already  given,  and  experience  entirely  confirm  Dr 
Voelcker’s  judgment  as  to  the  cause  of  the  superiority  of  sample  No. 
4,  which  was  simply  a better-made  cheese  than  No.  1,  though  from  a 
poorer  material.  In  No.  1 the  ratio  of  fat  to  casein  was  1 to  .793,  and 
in  No.  4 to  .848. 

I he  relation  of  casein  to  fat  gives  the  higher  proportion  to  the 
latter  in  all  three  tables,  which  is  contrary  to  the  case  of  such  milks  as 
are  usually  employed  in  the  Cheddar  dairies.  Of  the  examples  given 
by  Dr  Voelcker  we  know  nothing  with  the  exception  of  No.  4,  and 
there  is  the  best  reason  for  believing  that  the  milk  out  of  which  that 
was  made  did  not  exceed  the  average  of  Chapter  IV.  in  composition. 
I here  are  then  good  grounds  for  asserting  that  any  average  milk 
properly  manipulated  will  make  a cheese  in  which  curing  changes  will 
reverse  the  relations  of  casein  and  fat,  by  converting  some  of  the  former 
into  the  latter.  This  change,  which  is  shown  in  the  analyses,  must  not 
be  confounded  with  the  peptonising  which  Dr  Voelcker  refers  to  as 
accounting  for  the  mellowness  observable  in  the  better-made  article. 

The  composition  of  a good  and  well-ripened  Cheddar  may  be 
roughly  stated  at  one-third  of  ( a ) water,  ( b ) fat,  and  (<r)  casein  and  other 
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materials,  including  the  added  salt.  The  Cheddar  system  is  calculated 
to  produce  such  a cheese.  The  chief  points  aimed  at  are  the  mildness, 
fine  flavour,  and  keeping  quality  ; but  with  these  are  secured  the  other 
qualities  desired,  and  especially  the  characteristic  texture  and  digesti- 
bility. This  happy  combination  is  provided  for  in  the  system,  and, 
wherever  this  is  properly  employed  upon  good  milk,  will  not  fail  to 
give  it. 

It  must  not,  however,  be  supposed  that  all  cheeses  made  by  this 
system,  and  entitled  to  be  called  by  its  name,  are  necessarily  of  such 
quality.  Errors  in  management  may  greatly  alter  the  composition  and 
qualities  of  its  products,  and  that  without  involving  any  departure  from 
its  essential  principles.  Such  errors  will  be  pointed  out  in  their  proper 
connections.  The  effects  in  the  main  are  apparent  to  the  tradesman 
and  consumer,  and  pay  the  penalty  of  loss  in  price.  The  best 
makers  recall  regretfully  the  days  when  these  goods  realised  from  75s. 
to  90s.  per  cwt.,  but  such  times  will  return  when  the  value  of  cheese  as 
a food,  and  the  special  value  of  the  Cheddar  among  English  varieties, 
are  understood  by  the  people. 


CHAPTER  X. 


THE  CHEDDAR  DAIRY. 

Importance  of  a Good  Dairy. — The  construction  and  arrange- 
ments of  the  dairy  exercise  a considerable  influence  on  the  results 
of  cheese-making.  However  favourable  other  conditions  may  be, 
however  good  the  milk,  however  skilful  and  conscientious  the  maker, 
the  faults  of  the  daily  may  prevent  success,  and  British  dairies  do  their 
part  to  that  end  in  numberless  instances.  Observation  shows  that 
they  are  generally  defective  in  those  points  which  affect  the  work  done 
in  them,  and  we  can  count  all  the  really  good  dairies  within  our  ken  on 
the  fingers  of  two  hands.  This  includes  the  costly  and  elaborate 
structures,  as  well  as  the  roughest  and  most  inconvenient  ; for  not  a 
few  of  the  former  are  built  in  utter  disregard  of  the  processes  to  be 
carried  on  in  them. 

Often  the  daily  which  has  been  recently  built,  and  at  consider- 
able cost,  is  worse  than  the  old  one.  Fine  to  look  at,  and  well  built, 
as  if  it  had  been  intended  for  a dwelling-house — large  and  lofty,  and 
the  pride  of  the  owner — it  fails  just  where  it  should  have  been  at 
its  best,  and  succeeds  only  in  points  of  less  consequence.  Generally 
speaking,  therefore,  the  dairy  needs  reforming,  and  the  dairyer  should 
be  fully  informed  on  all  points  in  relation  to  the  matter,  and  know  for 
himself  what  his  accommodation  ought  to  include.  The  present  state  of 
the  dairies  is  mainly  due  to  ignorance  of  cheese-making  by  those  con- 
cerned in  their  erection.  The  estate  agent,  the  architect,  and  the  local 
builder,  generally  know  nothing  about  the  art  and  its  requirements. 
They  probably  think  it  is  no  business  of  theirs,  but  of  the  farmer’s, 
who  should  be  able  to  advise  them.  But  while  this  may  be  to  some 
extent  reasonable,  it  is  still  highly  desirable  that  those  responsible 
should  be  able  to  appreciate  the  advantages  claimed  by  the  farmer, 
and  understand  how  best  to  secure  them.  It  would  well  serve  the 
purpose  of  everybody  who  may  be  called  upon  to  prepare  designs  for 
dairies,  to  take  a course  of  instruction  in  dairying,  with  practice. 

The  farmer,  however,  should  be  ready  to  point  out  and  explain 
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intelligently  the  points  which  should  be  secured  in  any  case  of  building 
or  alteration.  He  should  know  in  what  respects  his  previous  work 
has  been  damaged  or  hindered  by  structural  defects,  and  how  these 
may  be  remedied  ; and  wherever  he  is  not  also  his  own  dairyer,  that 
personage  should  be  able  to  advise  with  him.  When  estate  agents 
know  what  makes  for  successful  dairying,  they  will  care  more  about 
providing  perfect  dairies  from  the  maker’s  point  of  view ; and  when 
the  farmer  or  his  dairyer  can  really  help  them  in  making  such  pro- 
vision, their  guidance  will  be  more  readily  sought.  Here  knowledge 
is  power,  and  tends  to  mutual  confidence  and  satisfaction. 

Among  the  points  involved  in  the  question  are  some  which  are 
common  to  all  systems,  and  others  in  which  the  dairy  is  specially 
adapted  to  the  particular  system  pursued  in  any  case.  We  will  there- 
fore first  consider  the  former,  and  afterwards  the  latter, — as  special  to 
the  Cheddar  system, — and  illustrate  both,  as  they  relate  to  that  system, 
by  typical  dairies  ; dealing  with  the  accommodation  for  other  systems 
as  they  arise,  and  making  this  chapter  the  basis  for  the  descriptions 
then  given. 

Location  and  Aspect. — The  farm  dairy  will  generally  be  a part  of 
the  dwelling-house,  and  there  is  no  objection  to  this  if  it  does  not 
entail  conditions  of  an  unfavourable  character.  The  convenience  for 
which  this  arrangement  is  made,  is  also  served  by  grouping  around 
the  house  all  the  other  farm  buildings  ; and  unless  this  is  carefully 
planned,  so  as  to  place  the  dairy  beyond  the  reach  of  the  homestead, 
that  convenience  will  be  bought  at  a high  price.  It  is,  of  course, 
possible  to  cut  off  such  sources  of  damage  by  a high  wall,  or  some 
building  not  occupied  by  cattle  or  anything  objectionable  ; and 
wherever  this  can  be  effectually  done,  the  dairy  may  be  as  near  to 
the  farm-yard  as  is  desired.  In  many  cases  the  relations  of  the  two 
can  only  be  made  tolerable  by  such  a course.  But  wherever  the  dairy 
can  be  placed  at  a good  distance  from  the  cattle-sheds,  piggeries,  and 
yards,  and  on  the  same  side  as  the  direction  of  the  prevailing  winds, 
so  that  these  may  carry  the  odours  and  germs  away  from  it,  and  not 
towards  it,  it  is  well  to  do  so,  and  thus  to  give  the  greatest  degree  of 
safety.  There  are  no  better  surroundings  than  lawns,  gardens,  and 
pastures  ; and  even  with  these  there  will  be  times  when  the  windows 
looking  out  upon  them  must  be  closed,  even  for ' days, — as  when 
manures  are  being  applied,  compost  heaps  turned,  or  rubbish  burned. 

The  best  position  for  a dairy  attached  to  any  house  having  the 
traditional  south-east  aspect  is  behind  it,  facing  north-west,  so  that  the 
sun  may  cross  it  during  the  day  ; or  it  may  be  set  against  the  house,  on 
either  side,  and  to  face  with  it.  But  there  are  advantages  in  the  other 
case  when  butter-making  is  part  of  the  business,  when  a south  frontage 
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is  unsuitable  ; and  while  warmth  is  a help  to  cheese-making  in  some 
respects,  it  is  always  wise  to  shelter  the  south  windows  with  a verandah 
roof,  and  so  prevent  direct  sunshine  reaching  either  milk  or  curd. 

Suitability  to  the  System  Pursued.— This  is  the  most  important 
point  in  the  arrangement  of  the  dairy.  Each  system  aims  at  certain 
results  by  a certain  course,  and  nothing  must  be  allowed  to  interfere 
with  its  purposes.  The  dairy  must  be  brought  to  the  system,  and  not 
the  system  to  the  dairy.  It  is,  of  course,  true  that  a Cheddar  cheese 
may  be  made  in  a ploughed  field  or  on  a mountain  top,  or  anywhere 
under  the  blue  ; but  while  the  system  may  be  pursued  with  all  faithful- 
ness, the  product  will  not  be  of  the  best  under  other  than  the  best 
conditions.  This  will  be  appreciated  when  the  typical  dairy,  and  the 
practice  pursued  in  it,  have  been  described. 

Separation  of  Departments. — The  conditions  suitable  to  some  of 
the  processes  are  unsuitable  to  others,  and  certain  necessities  arise  out 
of  them  which  must  be  provided  for.  It  is  therefore  necessary  to 
separate  the  dairy  into  sections,  devoted  to  their  special  uses.  The 
cheese-making  department,  for  instance,  must  have  its  temperature 
fitted  to  the  state  and  needs  of  the  milk  or  curd  ; and  the  heat  of 
boilers,  or  the  cold  air  of  a butter-making  room,  would  be  objection- 
able. First,  then,  a making  apartment  must  be  secured  ; and,  if 
possible,  nothing  must  be  kept  in  this  but  the  milk  and  its  coagulum, 
and  the  apparatus  proper  to  them.  An  adjoining  room  should  be 
provided  for  hot  water, — and  even  here  it  is  well  not  to  have  the  coals, 
ashes,  and  dust  inseparable  from  the  fire,  and  to  arrange  for  these  to 
be  in  yet  another  room  or  an  open  shed.  In  this  last  all  the  washing 
of  milk  pails  and  other  vessels  fouled  on  the  farm  should  be  done,  and 
only  the  dairy  appliances  proper  cleansed  in  the  hot-water  room. 
Presses  which,  with  whatever  care,  must  needs  carry  the  odour  of 
whey  and  lubricating  oil,  and  whey  if  kept  for  creaming,  should 
occupy  another  room  ; and  if  butter-making  is  carried  on,  it  will  need 
its  own  provision.  These  will  properly  be  upon  the  ground  floor. 
Over  all  there  should  be  a curing-room,  unless  indeed  there  is  room 
enough  on  the  ground  level  for  it.  In  the  latter  case,  the  cost  of 
building  would  be  greater,  but  the  cheese  would  be  more  easily  stored 
and  despatched. 

It  would  seem  as  if  this  dividing  of  the  dairy  must  necessarily 
make  it  unduly  large  and  costly.  That  it  would  cost  more  than  a 
simple  shell  of  two  floors  is  certain  ; but  the  only  difference  in  size 
would  be  that  required  by  the  partitions,  and  the  extra  cost  would  be 
small  in  comparison  with  the  great  advantages  to  be  enjoyed  by  the 
separation  recommended. 

Convenience  and  Economy.  — These  are  considered  together, 
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because  the  former  is  often  the  source  of  the  latter.  The  rooms 
should  be  so  related  as  to  allow  of  the  readiest  passage  between  those 
which  have  most  interests  in  common.  The  hot-water  room  should 
be  close  to  the  making  vessel,  the  room  for  whey  and  presses  where 
the  former  can  be  most  easily  run  into  it  by  gravitation,  and  the 
cheese  carried  the  shortest  distance  in  reason.  The  butter  room 
should  adjoin  the  whey  room,  but  may  be  more  remote  from  the 
making  room  ; and  as  its  work  would  not  need  hot-water  so  frequently 
as  the  cheese-making,  the  latter  should  have  the  preference  in  near- 
ness to  the  supply. 

The  rooms  should  be  no  larger  than  is  necessary  to  contain  the 
apparati  proper  to  them  arranged  in  the  best  way  for  use,  and 
allowing  space  enough  between  them  for  the  dairyer  to  move  and 
work  comfortably.  If  they  are  larger,  the  cost  in  building  must  be 
greater  in  proportion  ; the  time,  toil,  and  cost  in  going  over  the 
ground,  and  keeping  floors  clean,  will  follow  suit, — and  these  without 
the  least  benefit  in  the  work  or  its  results  to  compensate.  There  is 
also  an  important  item  in  the  saving  of  time  during  cheese-making, 
the  processes  being  such  as  to  require  the  greatest  expedition  at 
certain  points,  and  then  the  shorter  the  distance  to  be  travelled  to 
reach  the  desired  tools,  water,  or  what  not,  the  better. 

Control  of  Temperature. — This  must  in  every  case  be  secured,  but 
the  cost  need  never  be  unreasonable.  Of  all  the  structural  conditions 
on  which  the  cheese  dairyer  depends  for  success,  none  is  greater  than 
this.  Without  it  his  work  cannot  be  perfect,  for  occasions  will  con- 
tinually arise  when  the  building  which  is  defective  in  this  respect  will 
expose  his  milk  or  curd  to  the  unfavourable  influence  of  too  great  heat 
or  cold  or  draught,  and  not  even  the  best  of  makers  can  fully  counter- 
balance these  evils  by  variations  in  management. 

Construction  and  Materials. — In  order  to  the  last  preceding  point, 
the  dairy  must  be  built  with  proper  materials,  and  especially  on 
correct  principles  of  construction.  The  roof,  of  whatever  character, 
should  be  whitened  every  spring  with  a wash  which  contains  abund- 
ance of  size,  this  colour  causing  it  to  cast  back  the  sun’s  heat,  while  a 
darker  surface  would  absorb  it.  Inside,  the  roof  should  be  boarded 
substantially,  and  the  ceiling  of  the  curing  room  made  also  of  board, 
and  covered  with  six  inches  depth  of  dry  sawdust.  By  this  means 
there  will  be  above  the  cheese  the  treble  protection  of  the  whitened 
roof,  the  sawdust,  and  the  large  space  between  these.  The  tempera- 
ture of  the  air  in  this  last  will  often  rise  or  fall  below  that  suitable  to 
the  cheese  and  making,  but  it  will  not  affect  the  air  in  the  dairy 
interior  to  anything  like  the  same  extent. 

The  walls  can  be  built  either  of  brick  or  stone  ; if  of  the  latter,  it 
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must  not  be  of  a kind  inclined  to  dampness.  Bricks  are  decidedly 
best,  and  can  be  lined  with  board  at  two  inches  distance  from  the  wall, 
nailed  to  pieces  of  scantling  laid  on  their  broad  sides,  as  in  I‘  ig.  28, 
where  the  dotted  lines  show  the  position 
of  these  and  the  continuous  air-space  en- 
closed. Good  walls  may  be  made  of 
timber,  a frame-work  being  covered  on 
both  sides  with  matched  boarding,  and 
weather  boarded  on  the  outside.  To  our 
British  notions  this  would  be  unlikely  to 
afford  much  protection  from  changes  of 
temperature,  but  only  in  permanence  are 
such  structures  inferior  to  those  of  brick 
or  stone.  Doors  should  fit  well,  and  be 
provided  with  rubber  draught-tubing;  and 
windows  should  have  second  sashes,  which 
can  be  buttoned  into  place,  making  air- 
spaces between  the  two  sets  of  glass. 

For  brick  or  stone  walls  nothing  is 
better  than  whitewash,  renewed  every 

spring  ; or,  on  wood  lining,  a light  paint.  All  dark  colours  should  be 
avoided;  their  tendency  to  hide  dirt,  and  for  which  they  are  praised  in 
matters  of  dress,  is  a sufficient  reason  for  their  rejection  in  the  dairy. 
Let  the  colours  be  such  as  suggest  and  reveal  purity,  and  give  proof 
of  scrupulous  cleanliness  in  management.  There  is,  moreover,  no 
small  advantage  in  the  cheerfulness  of  the  dairyeFs  surroundings  ; a 
moral  and  mental  brightness  arises  from  it,  and  as  it  costs  no  more  to 
employ  light  than  dark  colours,  this  help  may  well  be  given  to  him. 

Floors.- — These  arc  best  made  of  concrete,  all  joints  being  thereby 
avoided  ; but  if  ill  laid,  such  floors  are  of  the  worst,  cracking  and 
crumbling  after  a little  wear,  and  giving  much  trouble.  Therefore 
none  but  the  most  reliable  constructors  should  be  employed  on  this 
work,  and  in  their  absence  it  will  be  wise  not  to  attempt  this  material. 
Various  artificial  pavings  are  in  the  market  now,  made  under  better 
conditions  than  those  attending  the  laying  of  permanent  floors,  and 
therefore  more  dependable.  They  are  also  of  such  large  size  as  to 
reduce  the  joints  to  a jn  ini  mum  ; and  as  these  are  so  many  weak 
spots  which  wasting  and  wear  will  make  into  crevices,  either  to  be 
kept  constantly  mended,  or  to  collect  dirt  and  moisture,  the  less  of 
them  the  better.  Failing  these,  good  flagstones  will  serve  ; but  bricks, 
even  the  best  vitrified,  are  to  be  avoided.  The  difficulty  with  all 
cements  is  that  they  waste  under  the  action  of  acids ; and  although 
sour  whey  and  milk  ought  not  to  be  spilled  in  the  dairy,  the  fact 
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remains  that  they  are  so  spilled,  and  unless  they  can  be  removed  at 
once  a small  amount  of  mischief  is  wrought,  which  with  repetition 
leads  to  the  spoiling  of  the  floor.  Whatever  be  the  clairyer’s  care, 
then,  let  the  floor  joints  be  as  few  as  possible,  and  these  well  looked 
after.  The  foundation  of  any  floor  should  be  of  the  best,  and  deep 
enough  to  prevent  any  settlement.  Pillars  which  have  to  carry  weight 
should  pass  through  the  floor,  and  rest  on  heavy  stone  foundations. 

In  every  case  the  floors  should  have  a sufficient  inclination  to  lead 
washing  waters  towards  a gutter  or  outlet,  so  situated  as  to  conduct  to 
the  drainage  system.  This  fall  must  depend  on  the  character  of  the 
floors, — if  of  concrete,  i inch  in  8 feet  will  be  sufficient ; but  if  of  flags, 
as  much  as  i inch  in  5 or  6 feet  will  be  necessary. 

Drainage. — Two  absolute  rules  should  here  be  observed, — (a)  that 
no  drains  should  pass  under  any  part  of  a dairy,  and  ( b ) that  no  trap 
be  open  within  it.  The  former,  because  at  any  time  such  drains  may 
become  foul  and  require  opening,  with  inevitable  danger  from  putre- 
factive gases ; the  latter,  because  traps  are  ineffectual  safeguards 
from  these  same  gases  as  they  accumulate  in  ordinary  drains.  The 
common  notion  that  the  water  which  lies  in  the  bend  of  a syphon  trap 
stops  the  upward  motion  of  drain  gases  is  an  erroneous  one.  More- 
over, when  gases  in  a drain  are  confined  by  obstruction,  every  passage 
of  water  into  the  drain  from  above  causes  the  ascent  of  a body  of  foul 
air  in  proportion  to  its  bulk,  which  enters  the  dairy  when  the  trap  is 
within  it.  This  will  be  constantly  happening,  and  the  rule  given  is 
the  only  source  of  safety.  This  does  not  by  any  means  condemn  the 
trap  as  useless,  but  only  as  insufficient  by  itself. 

The  syphon  kind  shown  in  Fig.  29  is  the  best  and  simplest,  but 

needs  frequent  removals  of  solid  matter 
settling  in  the  bend.  Here  the  gutter  a 
is  shown  emptying  into  the  pipe  b,  which 
should  be  so  set  as  to  drain  the  gutter 
completely.  The  sliding  door  c cuts  off 
the  outside  air  when  the  immediate  use 
of  the  drain  is  over  ; a brick  sink-well  ff, 
18  inches  square  and  a foot  deep,  re- 
ceives the  waters,  which  then  pass  through 
the  strainer  e into  the  trap  f and  away. 
At  the  head  of  every  branch  drain  there 
should  be  a ventilating  pipe,  which  will 
carry  the  gases  far  enough  above  the 
windows  of  the  lower  floor  to  make  sure 
of  their  complete  dissipation  at  a safe 
in  a revolving  cowl,  which  will  discharge 


Fig.  29. 

Gutter  and  Drain-Well. 


point  ; and  this  should  end 
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the  escaping  gases  in  the  direction  of  the  wind  from  whatever  point  it 
may  blow. 

At  convenient  intervals  openings  should  be  provided  for  reaching 
and  removing  any  obstructions.  Whenever  a stoppage  occurs,  water 
poured  down  may  be  followed  at  these  inspection  holes,  and  the  section 
of  the  drain  in  which  it  is  will  be  known  by  the  water  failing  to  appear 
at  the  inspection  hole  below  it.  T hese  holes  should  be  large  enough 
to  admit  of  a drain-clearing  tool  being  put  together,  section  by  section, 
within  the  drain,  as  shown  in  Fig.  30,  and  this  tool  should  be  long 
enough  to  reach  half-way  between  any  two  holes,  so  that  if  the  claw 
does  not  strike  the  obstruction  from  the  point  of  entry  above,  it  may  be 
sure  to  do  so  from  the  one  below  it.  The  cost  of  this  provision  is  not 
more  than  any  probable  year’s  expenses  in  curing  the  stoppages  in 
ordinary  drains,  therefore  it  is  but  a foolish  economy  to  withhold  the 
provision  on  the  ground  of  cost.  Every  dairyer  should  know  where 


Fig.  30. — Using  Drain  Clearing-Tool. 

the  drains  connected  with  his  dairy  are,  and  be  able  to  deal  with  any 
difficulty  promptly.  For  this  he  should  have  a plan  of  the  drain 
system.  We  have  known  the  drains  of  a large  factory  abandoned, 
and  a new  set  laid,  because  they  could  not  be  tracked  and  opened  up 
without  an  expense  which  would  have  been  nearly  as  great  as  the  new 
undertaking.  All  drains  should  be  laid  with  glazed  stoneware  pipes? 
and  set — not  with  cement  as  is  often  done — but  with  well-puddled  clay, 
care  being  taken  to  remove  any  which  rises  above  the  joint  on  the 
inside,  for  anything  of  this  kind  tends  to  create  obstruction  by  stopping 
solids  in  their  downward  flow,  and  causing  their  steady  accumulation. 
Cement  is  useless,  because  it  is  soon  eaten  away  by  the  acids  of  dairy 
drainage  waters,  after  which  the  latter  escape  into  the  soil,  and  soak 
into  the  foundations  of  the  buildings. 

The  outlet  and  disposal  of  drainage  are  troublesome  matters,  and 
can  only  be  dealt  with  satisfactorily  at  some  little  trouble  and  expense. 
Sewage  containing  the  washings  of  cheese-cloths  and  appliances, 
greasy,  caseous,  acid,  and  ready  for  rapid  and  noxious  putrefaction, 
cannot  properly  be  discharged  into  any  open  place  within  a con- 
siderable distance  from  the  dairy  or  any  dwelling-house,  nor  into  any 
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watercourse.  We  therefore  advise  the  collection  of  each  day’s  drainage 
waters  into  a small  tank,  where  it  may  be  treated  in  the  evening  with 
ferrous  sulphate,  or  some  other  cheap  chemical,  which  will  coagulate 
the  albuminoid  material,  which  in  turn  will  carry  down  with  it  any 
suspended  impurities,  and  leave  the  water  so  cleared  as  to  make  it 
harmless  to  discharge  next  morning  through  a pipe  placed  above  the 
surface  of  the  precipitated  solid  matter,  which  at  proper  intervals 
may  be  removed  by  another  pipe  opening  from  the  lowest  point  of 
the  tank. 

The  Lighting  of  the  dairy  must  be -sufficient  to  enable  all  the  work, 
and  the  corners  of  the  rooms,  to  be  seen  well  in  dark  days.  In  the 
lower  rooms  clear  glass  will  best  serve  the  purpose.  Wherever  the 
frequent  opening  of  windows  is  desirable  for  drying  and  airing,  the 
best  arrangement  is  a well-made  sash  (with  chains  to  carry  the 
weights),  for  the  air  current  can  then  be  regulated  according  to  need. 
In  curing-rooms,  where  the  windows  should  be  double,  with  an  air- 
space between,  hinged  casements  are  better  for  the  outside  ; and  for 
the  inside,  frames  buttoning  into  place,  with  draught-tubing  to  make  a 
close  joint. 

Heating  and  Ventilation. — These  should  be  provided  for  under  a 
combined  arrangement,  the  one  only  serving  effectively  in  company 
with  the  other.  For  the  lower  rooms,  the  air  temperature  as  affected 
by  boilers  and  heating  processes  is  generally  favourable  to  the  work, 
but  not  always  ; and  the  loss  caused  by  insufficiency  of  warmth  in 
spring  and  autumn,  would  more  than  cover  the  interest  on  any  reason- 
able outlay  to  meet  the  case,  to  say  nothing  of  satisfaction  and  repu- 
tation. In  the  curing-rooms  a complete  system  is  needed,  giving 
perfect  control  of  the  temperature,  and  not  suffering  a greater  range 
than  two  or  three  degrees  above  or  below  the  best  curing  point.  This 
being  indispensable,  it  is  easy  to  supply  from  the  heating  source 
whatever  is  required  at  any  time  for  the  lower  rooms.  With  each 
heating  centre  an  inlet  of  air,  also  under  control,  should  be  associated,  so 
that  the  air  in  entering  may  be  warmed  if  necessary,  and  be  conducted 
in  its  rising  towards  the  opposite  end  of  the  room,  and  allowed  an 
egress  at  a point  which  will  best  serve  the  purposes  of  its  distribution. 
Helps  to  its  passage  out  of  a room  are  sometimes  necessary,  and 
should  then  be  provided.  These  will  be  better  understood  when 
described  as  in  typical  dairies,  the  necessity  in  its  different  degrees 
being  met  in  different  ways,  according  to  the  system.  The  common 
foundation  of  all  the  systems  is  the  fact  that  warm  air,  like  a warm 
liquid,  rises,  while  cold  air  sinks.  This  we  shall  watch  in  appli- 
cation. 

Water  Supply.— This  should  be  of  the  best,  and  of  two  kinds, 
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according  to  use.  For  steam  boilers,  ram  water  should  be  collected, 
because  having'  no  more  mineral  matter  than  can  be  washed  fiom  the 
roof  it  will  give  the  least  trouble  with  calcareous  deposits  (“  rock”)  on 
the  inside  of  the  boiler.  All  other  may  be  pure  spring  water,  and  for 
certain  important  purposes  it  cannot  be  too  cold  (naturally)  in  the 
warmer  portions  of  the  year.  Whenever  the  source  is  much  higher 
than  the  dairy  ground-floor  level,  the  supply  can  be  directly  discharged 
at  all  convenient  points  ; but  otherwise  a sufficient  supply  should  be 
secured  in  a tank  by  pumping.  Fetching  water  by  the  pailful  as 
wanted,  is  a great  waste  of  time  and  hindrance  of  the  work  ; and  there 
are  so  many  occasions  where  a constant  supply  by  gravitation  is  a 
great  convenience,  and  at  others  needful,  that  we  recommend  it  to  all 
and  sundry. 

Heating  for  the  Processes. — This  may  be  provided  by  steam  or 
hot  water.  It  is  seldom  economical  to  employ  the  former  in  farm 
dairies,  for  the  only  services  worth  considering  which  can  be  rendered, 
are  the  supply  of  steam  to  the  making  vessel,  and  the  grinding  of  curd 
and  pumping  of  water,  if  an  engine  is  added  to  the  equipment.  The 
pumping  is  the  most  laborious  of  these,  but  there  need  be  no  difficulty 
about  raising  the  quantity  of  water  needed  by  hand  or  wheel  pump,  or 
with  the  aid  of  a horse  gear.  The  care  of  a steam-boiler,  however 
small,  is  a responsibility  which  should  not  rest  with  a dairyer,  whose 
whole  attention  is  needed  to  his  cheese-making  ; and  this  means  that 
a second  and  reliable  person  must  be  kept  to  bear  it.  We  therefore 
recommend  hot  water  for  the  farm  dairy,  and  shall  design  our  dairies 
accordingly.  On  the  other  hand,  no  factory  worthy  of  the  name  can 
be  properly  and  economically  managed  without  a steam-boiler  and 
engine.  These,  with  the  manner  of  distributing  steam  and  power, 
will  be  better  described  later.  So  far  as  we  are  at  present  concerned, 
the  choice  depends  on  the  quantity  of  work  to  be  done.  When  it 
exceeds  the  capabilities  of  the  dairyer  and  one  or  two  occasional 
helpers  from  the  house  or  the  farm,  then  it  is  well  to  employ  steam 
and  a proper  caretaker.  It  must  be  a very  large  farm  dairy  to  make 
that  provision  necessary. 

The  Cheddar  Dairy. — We  will  now  describe  such  a building  as 
we  could  desire  that  every  maker  of  Cheddar  cheese  should  have, 
combining  the  best  applications  of  the  foregoing  rules,  eschewing 
everything  but  proper  construction,  suitability  to  system,  and  econo- 
mical convenience,  and  capable  of  being  built  and  furnished  at  a 
reasonable  cost.  The  dairy  shown  is  designed  to  receive  the  milk 
of  from  fifty  cows  upwards,  but  it  will  be  easy  to  reduce  the  pro- 
portions of  the  different  rooms  to  meet  lesser  needs.  The  plans  of 
the  building  are  drawn  to  a scale  of  16  feet  to  the  inch,  and  the 
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whole  fabric  is  35  feet  in  length  by  20  feet  in  width  on  the  outside. 


It  is  (Fig.  31)  a north  wing  of  the  farm-house,  from  which  it  can  be 

reached  by  the  back  door  under 
shelter  of  the  verandah.  This  is 
better  than  having  a direct  connec- 
tion with  the  farm  kitchen.  It  is 
divided  (Fig.  32)  into  five  apartments, 
— A being  the  hot-water  room,  B the 
furnace-room  and  coal  store,  C the 
making-room,  D the  whey  and  press- 
room, and  E the  butter-making  room. 
Entering  the  first-named,  which  mea- 
sures 9 feet  by  8 feet,  we  find  a hot- 
water  boiler  1,  so  built  as  to  have 
its  fire  front  within  the  next  room  B, 
so  that  the  dust  is  shut  out  of  this 
room,  which  may  be  kept  as  clean 
and  sweet  as  the  making-room  itself ; 
the  position  of  the  flue  (2),  which  con- 
nects with  the  chimneys  in  the  south 
wall,  is  marked  by  the  dotted  lines. 
A hand-pump  (3)  supplies  this  boiler 
from  a tank  (4),  of  which  more  anon. 
The  manner  of  setting  the  boiler  is  shown  in  plan  in  Fig.  33,  and 


Fig.  32.— Farm  Cheese  Dairy — 
Ground  Pdan. 
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Fig.  33. 

Farm  Dairy  Boiler- 


Plan. 


in  section  in  Fig.  34,  where  the  letters  denote  the  same  parts  in 
each.  The  boiler  a rests  on  brick  walls  b, 
and  beneath  is  the  fire  on  the  grate  c,  the 
smoke  and  heat  passing  behind  and  around 
the  boiler  (see  arrows)  and  so  into  the  flue  d, 
thus  giving  as  large  a surface  to  the  heat  as 
is  possible.  The  arch  c bears  the  partition 
and  flue  wall.  A soot  door  g allows  the  flue 
to  be  easily  cleaned. 

On  the  other  side  of  the  way  from  the 
boiler  are  a tub  (5),  and  a rack  (6),  the  former 
for  washing  the  utensils  used  in  manufacture. 

The  rack  (Fig.  35)  is  much  better  than  any  plain  shelf,  because  when 
vessels  have  been  washed  they  can  be  turned  upside  down  upon 
this,  and  more  quickly  and 
effectually  dried  and  aired. 

The  Making-room  C (17 
feet  by  10  feet)  follows.  This 
is  mainly  occupied  by  the 
cheese  tub  or  milk  vat  (7), 
and  is  exclusively  devoted  to 
the  keeping  of  milk  and 
the  making  of  cheese.  The 
making  vessel  may  best  be 
described  here,  though  most 
of  the  appliances  employed 
will  await  their  place  of  use 
in  the  system.  The  old  form 
is  usually  called  a tub ; it 
was  formerly  made  of  wood,  and  retains  the  name  which  suggests 
this  ; but  as  a vat  is  a vessel  to  contain  liquids,  the  term  may 
as  well  be  used  for  this 
as  well  as  for  the  ob- 
long vessel  generally  so 
called. 

The  circular  vat  here 
shown  (Fig-.  36)  consists  of 
a tinned  copper  vessel  a, 
which  rests  partly  within 
a lower  case  b , a strong 
beading  c of  £ inch  thick- 
ness being  provided  to 
support  it  in  the  proper  position.  This  case  slopes  inwards  from  the 


Fig.  34.  Farm  Dairy  Boiler — Section. 
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Fig.  35.— Airing  Rack. 
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Fig.  36. — Circular  Hot-Water  Milk  Vat. 


perpendicular  enough  to  allow  a space  between  the  two  of  if  inch  at 

the  lowest  point  ; and  under 
is  a space  of  2 inches,  filled 
with  hot  water  when  heat  is 
desired.  Heating  - water  is 
poured  into  it  by  the  funnel 
and  can  be  drawn  out  as 
required  by  the  tap  e or  the 
spout  f the  latter  being  only 
used  when  the  space  must 
be  cleared  after  a heating, 
and  such  may  be  done  in  a minute  by  removing  the  plug.  The 
tap  g is  generally  made  with  a loose  plug  ; its  chief  objection  is 
that  it  affords  an  inch  or  more  of  pipe,  opening  into  the  vat,  in 
which  curd  lodges,  and  from  which  it  must  be  continually  cleared, 
that  it  may  share  in  the  treatment  of  the  whole.  The  wooden  stand 
h is  made  to  hold  the  vat  in  place  by  grooves,  and  to  tip  it  by  a 

block  i (hinged  to  the  stand)  being  raised  under 
it  (Fig.  37),  when  lifted  by  the  handle  j ; and  by 
the  handles  k,  /,  the  duplicates  of  which  are  on 
the  other  side,  the  inner  can  be  removed  from 
the  outer  case,  or  both  carried  from  place  to 
place.  It  is  common  to  make  the  inner  case 
with  a convex  bottom,  partly  for  strength,  and 
partly  because  it  is  intended  that  the  curd 
should  be  piled  in  the  middle  and  so  drain 
into  the  angle  from  all  sides.  But  it  is  better 
to  pile  at  the  side,  not  only  for  the  greater 
protection  to  the  curd,  but  because  it  is  more 
easily  reached  for  after-processes,  and  a flat 
bottom  which  will  give  free  drainage  directly 
to  the  tap  on  being  tipped  is  therefore  pre- 
ferable. Moreover,  the  angles  formed  by  the  old  bottom  are  difficult 
to  reach  to  keep  the  curd  stirred  out  of  them.  The  one  real  ad- 
vantage that  it  does  not  settle  into  a concave  shape,  may  be 
secured  to  a flat  bottom  by  a simple  circular  frame  of  12  inches 
diameter  supporting  it  in  the  middle,  but  allowing  free  passage  of 
water.  A wooden  cover  should  be  provided,  fitting  closely  at 
all  points,  and  jointed  as  in  Fig.  38,  to  allow  of  an  inspection  of 
the  vat’s  contents  without  entire  removal.  This  cover  may  be  drawn 
up  by  a cord  and  pulley  when  out  of  use,  and  its  space  so  saved 
elsewhere,  as  well  as  much  lifting. 

The  round  vat  is  only  to  be  recommended  for  small  quanti- 


Fig.  37.— Tipping  Block. 
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ties  of  milk,  when  it  would  be  difficult  to  work  it  in  the  other  kind  ; 
in  every  other  case  the  oblong'  vat  is  superior.  It  has  sometimes 
been  asserted  that  a round  vat  is  essential  to  the  system  ; but  it 
is  impossible  to  show  either 
that  any  principle  of  the  system 
is  involved  in  the  shape  of  the 
vessel,  or  that  any  practical 
advantage  is  gained  by  the 
cheese  from  it.  Just  as  fine 
cheese  can  be  made  in  the  one 
as  in  the  other  by  a person 
fully  accustomed  to  either,  but 
any  beginner  can  much  more 
easily  procure  high  quality  and 
uniformity  of  the  curd  in  the 
oblong  vat  than  in  the  round  one. 

The  oblong  vat,  Fig.  39,  is 
constructed  on  the  same  lines 
as  the  circular  one,  but  the 
outer  case  is  not  unfrequently 
made  of  wood,  and  when  it 
rests  on  legs  this  is  best.  The  fore-legs  are  made  by  iw  to  3 inches 
shorter  than  the  hind-legs,  according  to  the  length  of  the  vat  ; 


and  are  suppoited  at  level  by  wooden  wedges,  easily  made  and 
replaced,  and  superior  in  use  to  any  device  we  have  seen.  These 
removed,  the  vat  can  be  tipped,  and  the  wedges  placed  under  the  hind 


134 


MILK,  CHEESE,  AND  BUTTER. 


legs,  when  the  whole  will  have  a good  incline  for  the  removal  of  the 
whey  or  draining  of  the  curd.  This  arrangement  is  much  better  than 
the  provision  of  a sloping  bottom  to  the  inner  case.  The  size, 
measured  at  the  top  inside,  ranges  from  27  inches  to  36  inches  in 
width,  from  22  inches  to  25  inches  in  depth,  and  from  4 feet  to  9 feet 
in  length,  according  to  capacity.  As  will  be  seen  in  Fig.  40,  the  space 


Fig.  40.— Oblong  Milk  Vat — Section. 


between  the  lowest  point  of  the  inner  case  and  the  outside  opposite 
to  it  should  be  ij  inch,  and  the  loss  of  containing  space  must  be 
taken  into  account  in  estimating  the  capacity  of  a vat.  It  amounts 
to  f inch  on  the  average,  on  each  end  and  side  ; or  1^  inch  on  the 
width  and  length.  As  the  dairyer  may  wish  to  obtain  a vat  of  propor- 
tions suitable  to  his  milk  quantity,  he  may  calculate  capacity  by  select- 
ing the  most  suitable  width  and  depth  from  the  following  table,  and 
dividing  the  total  number  of  gallons  of  milk  by  the  corresponding 
figures  in  column  4,  which  will  give  the  requisite  length  in  inches  as  if 
calculated  for  cubical  measure.  But  as  a mean  of  an  inch  and  half  of 
loss  arises  from  the  sloping  of  the  vat  to  that  extent  in  its  total  width 
and  length,  so  much  must  be  added  to  the  result  obtained.  The 
depths  as  stated  are  calculated  to  allow  two  inches  above  the  surface 
of  the  milk  for  working  room  ; if  more  be  thought  necessary  it  must 
be  added,  but  a lower  margin  should  not  be  attempted. 

1 234 


Suitable  to 

Width. 

Depth. 

Divisor. 

130  galls. 

30  ins. 

22  ins. 

2.24 

160  „ 

32  „ 

23  ,, 

2.50 

200  ,, 

34  >» 

24  >» 

2.78 

3°°  „ 

36  „ 

25 

3.06 

Example. — A vat  to  hold  1 50  gallons  should  be  32  inches  wide  x 
23  inches  deep,  and  the  calculation  for  length  (150-1-2.5)  will  give  60 
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inches,  to  which  adding  ii  inch,  thc  length  may  be  fixed  at  5 feet 

inch  top  inside  measurement. 

The  inner  case  a is  fastened  to  the  upper  edge  of  a separate  frame 
b,  by  screws,  the  heads  of  which  .are  soldered  over.  This  frame,  and 
the  outer  case  generally,  should  be  made  substantially,  not  less  than 
1 i inch  in  thickness,  and  well  bolted  together  at  c c,  with  all  joints  made 
watertight.  To  prevent  the  upper  frame  from  slipping,  iron  studs 
should  be  fastened  to  the  lower  part,  with  corresponding  plates  on 
the  under  side  of  the  frame  into  which  they  may  fit,  as  the  tendency 
is  to  slip  towards  the  tap  end  when  the  vat  is  tipped. 

The  legs  should  be  of  2 inches  thickness  above,  and  ^ inch  thicker 
below,  the  body,  and  bolted  at  d d;  the  ends  of  the  fore-legs  iron- 
bound  to  prevent  wear  by  wedging  ; and  the  wheels  of  the  middle  set 
fixed  on  an  axle  running  in  metal  bearings. 

The  inner  case  should  be  made  of  one  sheet  only  for  each  part,  so 
avoiding  seams ; and,  to  prevent  its  losing  shape,  should  be  supported 
beneath  by  three  strips  of  wood  3 inch  thick,  resting  on  and  secured 
to  blocks  of  wood  e ej  and  the  whole  outside  of  the  tin,  and  all  parts 
of  the  outer  case,  should  be  well  covered  with  a non-corrosive  paint. 
At  the  back,  a funnel  f receives  the  heating  or  cooling  water,  which 
fills  the  space  between  the  cases  to  the  height  of  the  pipe  g,  then  over- 
flowing; and,  when  done  with,  removed  by  the  tap  h,  at  the  lower  end. 

The  peculiar  character  of  the  vat  makes  a special  tap  necessary, 
one  that  may  be  securely  attached  to,  and  easily  detached  from,  the 
inner  case  to  allow  of  the  removal  of  that  part,  and  yet  making  a 
water-tight  joint  in  use.  Finding  none  in  the  market  which  met  this 
need  properly,  we  designed,  some  twelve  years  since,  a tap  which  has 
given  us  great  satisfaction.  It  has  never  been  patented,  nor  have  we 
any  monetary  interest  in  it,  and 
may  therefore  describe  it  for  the 
benefit  of  all  concerned.  It  con- 
sists (Fig.  41)  of  a collar#  which 
is  riveted  to  the  inner  case,  and 
a tube  b with  a nozzle  c,  of  2 
inches  to  2b  inches  diameter 
according  to  size  of  vat,  and 
which  screws  into  the  collar. 

On  the  outside  of  the  tube  a 
wide  flange  d bears  a thread 
upon  which  a collar  e runs, 
screwing  against  the  vat  a rubber  v'mgf  well  coated  with  a mixture  of 
white  and  led  leads  to  make  a tight  joint.  Finally,  a plug^-,  fitting 
into  a seat,  is  held  in  place  by  a spindle  /, 1 , which  screws  into  a cover  z, 
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being  withdrawn  in  a moment,  and  giving  ample  passage  to  the  whey. 
The  whole  cover  and  plug  may  be  removed  for  cleansing. 

The  making-room  has  two  windows,  giving  a through  draught 
when  needed,  and  plenty  of  light  at  all  times.  The  east  window  is 
protected  without  by  a projecting  roof  (8,  Fig.  32  ; see  also  Fig.  31),  and 


under  it  are  steps  (9)  leading  to  a small  platform  (10),  where  the  milk 
conductor  carries  to  the  vat  the  milk  brought  from  the  cow-houses 

without  the  milkmen  entering  the 
dairy.  In  Fig.  42  the  conductor  is 
shown  in  place.  The  receiver  is  a 
pan  of  the  shape  shown  in  a,  Fig. 
43,  having  12  to  15  inches  of  pipe 
b projecting  from  it,  and  fitting 
into  another  tube  c,  which,  after  a 
few  inches,  becomes  an  open  shute, 
kept  in  shape  by  occasional  bands 
across  it.  This  is  better  than  a 
complete  tube,  because  more  easily 
cleansed.  In  the  receiver  rests  a 
strainer  d of  fine  perforated  brass, 
which  can  be  removed  to  shake  out 
anything  which  may  be  caught  in  it.  It  is  not  wise  to  have  a fixed 
strainer  in  the  receiver  itself,  and  this  separate  one  can  be  used  for 
other  proper  purposes.  A bag  e of  strainer  cloth  is  fastened  over  the 
end  of  the  conductor  to  prevent  splashing,  and  to  divide  the  milk 
afresh  for  aeration.  The  conductor  is  supported  by  an  iron  frame  f 
which  closes  round  it  and  fastens  with  a catch  g,  and  the  pipe  b passes 
through  a wooden  pane  in  the  sash,  the  aperture  being  closed  by  a 
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cap  when  out  of  use.  The  pipe  should  fit  so  as  to  prevent  a draught. 
The  conductor  serves  a second  purpose,  by  conveying  hot  water  from 
the  boiler  1 to  the  vat  (Fig.  44),  its  receiver  « resting  in  an  iron  frame 
b attached  to  the  side  of  the  former,  and  its  other  end  on  the  funnel 
c of  the  latter  (also  12,  Fig.  32).  This  puts  an  end  to  all  carrying. 
When  the  water  has  reached  the  level  of  the  overflow  pipe  d,  it 
runs  into  a similar  conductor  e (also  used  for  whey  removal),  and 
by  it  to  a tank  / (under  4,  Fig.  32),  from  whence  it  is  raised  again 
into  the  boiler  by  the  pump  g (also  3,  Fig.  32).  The  whey  conductor 
c,  after  occupying  the  position  shown  in  the  dotted  lines  to  receive 
the  overflow,  can  be  drawn  to  the  other  position  to  receive  the  rest 
when  no  longer  needed  (14,  Fig.  32).  The  tank /holds  250  gallons, 
and  serves  a very  important  economy  in  water  and  time,  for  that  which 


returns  is  always  much  nearer  to  the  boiling  point  than  any  supply  from 
without,  and  saves  both  fuel  and  time  in  getting  heated  afresh.  This 
secures  the  using  over  and  over  again  of  the  same  supply,  for  it  will 
be  twice  heated  for  this  vat,  and  afterwards  part  will  serve  for  washing 
utensils,  the  remainder  being  used  for  cleaning  floors  at  the  close  of 
the  day.  The  quantity  provided  for  is  ample  for  the  work  in  view. 
Before  the  curd  is  ready  for  first  operations,  the  conductors  can  be 
put  in  place  ; and  the  dairyer  will  only  need  the  attention  to  the  fire 
by  a household  servant,  and  her  help  in  pouring  water  into  the  con- 
ductor and  pumping  a fresh  supply  into  the  boiler,  and  there  is  there- 
fore a saving  of  labour  to  the  house.  A shelf  16,  and  sundry  pegs  for 
hanging  implements,  with  a desk  17  for  records,  and  a locker  beneath 
for  small  dry  stores  (as  rennet,  litmus,  &c.),  complete  those  furnishings 
of  this  room  which  require  notice. 

The  floor  of  this  apartment  should,  at  its  eastern  end,  be  raised  six 
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Fig.  45. — Whey  Tank. 


inches  above  that  of  the  rooms  A and  D,  ancl  a foot  above  ground  level. 
This  gives  the  necessary  incline  for  the  delivery  of  whey  by  the  conductor 

(18,  Fig.  32)  to  the  creaming 
tank  ( 1 9)  for  whey,  shown  also 
in  Fig.  45  as  in  use,  where  the 
steps(2o)  by  which  the  dairyer 
goes  down  to  skim  it  are  seen. 
In  the  whey  room  is  the 
cheese  lift  (Fig.  46),  which 
may  be  of  the  simplest  de- 
scription, but  should  not  be 
missing.  It  is  quite  as  much 
to  the  advantage  of  the  goods 
as  of  the  dairyer  that  they 
should  be  raised  in  this  way 
rather  than  carried  by  hand, 
with  the  risks  of  injury,  which  will  hereafter  be  shown  to  be  much  more 
than  is  usually  supposed.  Two  guides  a a bear  a roller  b,  on  the  end 
of  which  a wheel  c,  with  spikes  at  intervals  on  its 
circumference,  is  made  the  means  of  raising  and 
lowering  the  table  d by  an  endless  rope  c,  which  is 
simply  gripped  between  the  spikes  and  draws  the 
wheel  round  when  it  is  pulled.  A partition  f 
surrounds  the  floor  opening,  and  is  covered  by 
doors,  one  of  which  g is  shown  raised.  These  fit 
closely  when  in  place,  and  should  only  be  opened 
for  the  few  minutes  necessary  to  actual  use.  The 
table  d need  not  be  larger  than  will  serve 
one  cheese  of  the  largest  size.  The  turning  table 
22  (Fig.  32),  and  presses  23,  24,  will  be  described 
later,  as  also  the  movable  furniture  of  the  butter- 
making room. 

There  is,  however,  in  the  last-named  apartment 
a provision  in  which  the  cheese-making  is  con- 
cerned ; the  water  tank,  which  covers  a part  of  it 
its  whole  width,  and  7 feet  of  its  length,  with  a 
depth  of  3 feet,  and  a capacity  of  1000  gallons  or 
several  days’  supply.  This  is  preferable  to  a small 
tank  holding  only  the  supply  for  a day  or  two,  if 
only  for  economy  of  time.  A pump  which  will 
raise  350  gallons  per  hour  can  be  bought  for  £2, 
and  three  hours’  use  would  meet  the  needs  of  nearly 
twice  as  many  days.  In  Fig.  47,  the  tank  a is  shown  as  resting  on  iron 


Fig.  46. 
Cheese  Lift. 
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girders  b,  ceiled  beneath,  where  it  covers  a small  butter  cellar  (also 
25)  Fig.  32).  A double  wall  and  door  c of  boards,  with  a lining  (as  in 
Fig.  28)  against  the  main  wall,  confines  the  cold  air  descending  from 
contact  with  the  tank,  and  passing  over  and  around  the  shelves  ccc  finds 
egress  under  d,  where  a space  of  two  inches  is  left  for  the  purpose. 
The  warmer  air  of  the  room,  rising  through  holes  in  the  ceiling,  passes 
under  the  tank  and,  being  cooled  again,  sinks.  1 his  will  therefore  be 


Fig.  47.— Water  Tank  and  Butter  Celi.ar- Section. 


the  coolest  room  in  the  building.  A pipe  f descends  to  a point 
convenient  for  use  with  the  butter-making  ; and  another  branch  g 
passes  over,  supplying  the  vat  h (7,  Fig.  32),  to  the  boilers  and 
washing  vessels  in  rooms  A and  C when  necessary  to  supplement 
the  supply  from  the  tank.  The  course  of  the  pipes  is  shown  by 
the  single  dotted  line  (Fig.  32). 

The  stairs  (31,  Fig.  32)  leading  to  the  curing-room  start  from  the 
making-room,  and  are  enclosed  within  a board  partition,  with  a door 
at  each  end.  In  the  boiler-room  B is  placed  the  heating  apparatus  (32), 
with  its  flue  (33)  rising  to  the  main  chimneys. 

The  inclination  of  the  various  floors  is  shown  by  arrows  pointing  to 
the  lowest  ends.  It  will  thus  be  seen  that  water  used  in  cleansing  the 
floor  of  room  A flows  towards  the  doorway,  where  a gutter  (dotted  line) 
gathers  with  this  all  discharged  from  the  washing  vessel  (5)  and  that 
used  on  the  floor  of  the  passage,  and  carries  it  forward  to  the  drain 
well  (34),  which  serves  room  B as  well.  In  the  making-room  C the 
flow  is  towards  the  west  wall,  where  a gutter,  shallow  at  south  end, 
grows  deeper  towards  the  outlet  (35);  while  room  D has  a double  slope 
towards  a common  point  (dotted  line),  and  all  waters  flow  to  the  outlet 
(36)  by  way  of  the  stairs  (20),  which  arc  therefore  last  cleansed.  The 
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butter-room  has  a double  slope  too,  emptying  into  a gutter  and  outlet 
(37),  the  drains  serving  these  and  the  trap  (38)  to  receive  the  washings  of 
the  milk  delivery  platform,  which  naturally  becomes  foul  from  the 
boots  of  the  milker,  and  should  be  kept  carefully  clean.  Outlet  36,  by 
reason  of  its  low  level  (2  feet  below  ground  level),  determines  the 
inclination  of  the  rest,  and  this  will  be  more  than  is  necessary  to  secure 
rapid  clearance.  As  outlet  37  is  a foot  below  ground  level,  the 
drainage  from  38  may  empty  into  its  side,  and  so  need  no  inspection- 
hole  ; while  one  at  each  of  the  points  39,  40,  and  41  will  serve  for  the 
rest,  with  a common  gathering  and  inspection-well  at  42,  from  which 
the  main  drain  will  carry  all  to  the  tank  or  final  point  of  discharge. 
Ventilation  pipes  at  43  and  44  will  serve  the  whole  system. 

The  curing-room,  Fig.  48,  is  constructed  as  earlier  described  in 
regard  to  its  walls  and  windows,  and  its  heating  and  ventilation  may  now 

follow  in  detail.  The  sources  of  heat 
(45),  and  of  air  ingress  (46),  are  placed 
at  the  south  end  of  the  room,  the 
heating  apparatus  being  placed  with 
most  convenience  in  the  room  B (Fig. 
32)  below.  The  outlets  47,  for  air 
are  therefore  at  the  other  end,  and 
the  warm  air  is  caused  by  this  ar- 
rangement to  distribute  itself  equally 
over  the  width  of  the  room.  In  Fig. 
49  (the  reference  figures  are  the  same 
in  both)  the  distribution  in  height  is 
shown.  The  natural  tendency  of  the 
warmed  air  to  rise  will  ensure  its 
reaching  the  upper  part  of  the  room, 
and  if  the  outlets  were  close  to  the 
ceiling  the  cheese  stored  at  the  high- 
est levels  would  have  most  heat.  But 
Fig.  48. — Curing-Room — Pi. an.  by  making  these  outlets  in  the  form 

of  simple  shafts,  rising  to  the  roof 
ridge  and  discharging  in  common,  and  their  lowest  points  to  be  not 
more  than  two-thirds  of  the  height  of  the  room  above  the  floor,  the 
main  currents  of  warmed  air  must  necessarily  fall  to  this  point  in  pass- 
ing out  ; and  thus,  while  occupying  the  upper  part  of  the  room,  also  pass 
more  directly  towards  the  outlets,  covering  the  middle  part  of  the  room 
between  the  two  upper  dotted  lines  in  Fig.  49.  No  air  being  admitted 
excepting  at  46,  if  the  inlets  and  outlets  be  closed,  the  whole  air  of  the 
room  must  needs  be  warmed,  the  lower  colder  air  passing  southwards 
to  the  pipes  as  the  warmed  air  rises  and  spreads  northwards  by  natural 
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action.  With  the  general  rise  of  temperature  that  circulation  would 
become  slower,  and  the  distribution  of  heat  moie  even,  as  could  be 
proved  by  comparing  correct  thermometers  at  different  parts  of  the 
room.  On  opening  the  air  inlets  and  outlets  to  an  extent  suitable  to 
the  existing  needs,  the  warmed  air  would  naturally  pass  out,  and  fiesh 


warmed  air  would  continue  to  follow  it,  occupying  all  of  the  room 
excepting  the  angles  x,  y,  and  z,  and  raising  the  temperature  even  of 
these.  The  actual  course  of  the  air  would  be  as  shown  between  the 
highest  and  lowest  dotted  lines  whenever  the  current  was  properly 
controlled.  If  it  was  too  rapid,  the  warm  air  would  be  drawn  into  a 
narrower  body,  and  pass  more  directly  towards  the  outlets,  so  leaving 
the  upper  and  lower  parts  of  the  room,  and 
especially  the  latter,  without  much  benefit. 

Frequently  the  difference  between  the  actual 
air  temperature  and  that  proper  to  the  curing 
would  be  but  a few  degrees,  though  too  great 
for  the  best  results  ; and,  in  such  case,  the 
heating  necessary  would  only  cause  feeble  cur- 
rents, which  would  tend  to  the  higher  space 
and  but  slightly  affect  the  temperature  of  the 
lower  space,  failing  also  to  clear  the  moisture  of 
the  room  sufficiently  for  the  good  of  the  cheese. 

At  such  times  a more  rapid  current  should  be 
induced  by  some  provision  which  can  draw  out 
the  internal  air  by  mechanical  means.  At  the 
point  of  discharge  of  the  air  shafts  47,  a re- 
volving ventilator,  Fig.  50  (§-,  Fig.  49),  will  serve  the  needs  of  Cheddar 
cheese.  I his  device  consists  of  a tube  a,  part  of  which  is  cut  away, 
showing  the  screw  b,  which — as  attached  to,  and  drawn  by,  the 
upper  part — draws  up  the  air  below,  discharging  it  through  the 
spaces  between  the  plates  c,  the  whole  being  propelled  by  the  wind 


Fig.  50. — “ Howorth  " 
Revolving  Ventilator. 
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catching  the  cups  d , and  the  rate  of  propulsion  therefore  varying 
with  the  wind.  This  introduces  an  element  of  uncertainty,  and 
makes  it  necessary  to  provide  means  of  control.  The  many  slight 
variations  in  the  ordinary  rate  of  the  wind  may  be  disregarded, 
because  they  give  within  the  highest  and  lowest  experience  an 
average  which  will  be  as  useful  to  our  purpose  as  a steady  rate  of 
motion  ; but  when  we  have  to  deal  with  broader  difficulties,  as  between 
a gentle  breeze,  a rapid  wind,  and  a hurricane,  we  have  to  provide  for 
the  average  action  of  such  states  of  the  air,  and  control  the  exhaustion 
of  internal  air  accordingly.  With  the  heating  so  fixed  as  to  provide  for  a 
proper  temperature  with  a slow  passage  of  air,  a change  to  a greater  speed 
of  the  wind  and  the  ventilator  would  mean  that  the  air  would  be  drawn 
out  too  rapidly  to  be  properly  warmed  at  its  entrance,  and  the  cheese 
would  be  exposed  to  a too  low  temperature.  If  this  difficulty  should 
be  met  by  increase  of  heat  the  economy  must  be  touched. 

At  all  noticeable  changes  of  the  rate  of  the  wind,  then,  the  removal  of 
air  by  the  ventilator  must  be  regulated,  and  in  Fig.  5 1 a simple  appliance 
for  this  purpose  is  shown.  It  consists  of  a shutter  a, 
swinging  on  an  axis  b,  to  the  end  of  which  is  secured 
a steel  spring  handle  c,  which  catches  in  the  notches 
of  a rack  d,  and  can  be  made  to  change  the  posi- 
tion of  the  shutter  by  being  drawn  towards  the 
user  and  released  into  another  notch.  The  dotted 
lines  show  the  position  of  the  spring  when  the  shaft 
is  fully  open,  as  at  e,  and  closed  as  at  f strips  of 
wood  g g meeting  the  shutter  in  the  latter  case  and 
stopping  it  at  a level  point.  The  shelves  49  (Figs. 
48,  49),  the  lift  50,  and  the  stairs  43,  are  shown  in 
their  respective  positions,  and  it  will  be  seen  that 
the  windows  give  ample  light  for  examining  the 
goods — a matter  of  great  importance.  They  may 
be  easily  darkened  by  shutters.  The  ceiling  h 
(Fig.  49)  is  covered  with  saw-dust  as  earlier  advised. 

The  heating  may  be  provided  for  in  various  ways.  The  use  of  a 
stove  in  the  room  is  objectionable,  because  it  is  scarcely  possible  to 
maintain  a proper  temperature  in  cold  weather,  with  a passage  of  air 
sufficient  for  the  removal  of  moisture,  without  overheating  the  nearest 
cheeses.  If,  on  the  other  hand,  this  is  avoided,  the  cheeses  farther 
away  from  the  stove  will  suffer  from  cold.  We  have  seen  much  of 
this  direct  heating,  and  have  never  seen  it  give  the  best  results.  In 
dairies  where  fine  goods  are  made  during  the  summer  the  early  and 
late  makes  are  usually  inferior,  and  to  no  small  extent  because  of  such 
error  in  the  curing-room. 


Fig.  51. — Appliance 
for  Control  of 
Air  Shaft. 
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A stove  may  be  used,  however,  if  it  be  kept  in  another  apartment,  and 
the  heated  air  distributed  properly.  In  Fig.  52  a suitable  stove  is  shown, 
consisting  of  a double-cased  frame  of  iron, 
the  inner  case  lined  with  fire-bricks,  and 
containing  the  grate  a,  and  ash-box  b,  fed 
and  emptied  by  the  doorways  c and  d,  and 
discharging  its  smoke  by  the  flue  e , these 
openings  being  made  with  fast  joints  to 
both  cases.  The  top  of  the  inner  case  has 
an  opening  with  a tight-fitting  cover,  allow- 
ing of  removal  when  occasion  arises.  This 
case  rests  upon  narrow  iron  supports  shown 
at  / in  Fig.  53  (section),  the  upward  exten- 
sions of  which  keep  it  in  place.  I he 
bottom  plate  of  the  outer  case  has  a large 
opening  in  it,  through  which  air  entering 
is  warmed,  rising  (see  arrows)  between  the 
two  cases  into  the  dome  g,  and  thence  in 
any  upward  direction  by  the  pipe  h,  a 
continual  supply  of  fresh  warm  air  being  Fig.  52. — Hot-air  Stove. 
thereby  maintained.  The  best  method  of 

employing  this  stove  is  by  carrying  its  hot-air  pipe  h into  another  i 
set,  as  in  Fig.  54,  between  the  floor  of  the  curing-room  j and  the 
ceiling  k below  it,  with  numerous  apertures  l in 
the  pipe  and  floor  to  distribute  the  rising  air. 

These  last  should  be  collectively  ecjual  in  area  to 
the  pipe  ; if  they  exceed  this,  they  allow  the  air  to 
rise  through  the  nearest  apertures,  and  so  prevent 
evenness  in  distribution.  A tongue  in  divides  the 
air  into  two  currents,  and  a convex  check  n can 
be  raised  or  lowered,  reducing  or  enlarging  the 
air  passage,  and  being  held  at  the  height  desired 
by  a pin  u in  a simple  frame/,  so  regulating  the 
heating  as  well  as  it  can  be  done.  The  pipes  can, 
with  a view  to  economy  of  heat,  be  covered  with 
felt  or  other  non-conducting  material,  and  the  space  around  i packed 
with  the  same,  so  also  saving  the  timbers  from  danger  of  over- 
heating. If  the  air  is  thus  made  too  dry  for  the  cheese,  shallow 
troughs  of  water  may  be  set  immediately  close  to  the  air-holes  /,  so  as 
to  take  up  a supply  of  the  vapour  rising  under  the  action  of  the  heat. 
By  regulating  the  fire,  as  well  as  the  air  passing,  this  apparatus  may 
be  made  to  answer  fairly  ; but  it  is  not  so  controllable  as  a hot-water 
circulating  system. 


<D 


Fig.  53. 

Section  of  Stove. 
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Fig.  54. — Hot-air  Apparatus. 
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Fig.  55. 

Hot-water  Boiler. 


For  hot-water  heating  a double-cased  boiler  is  needed,  the  space  a 
between  the  two  cases,  as  in  Fig.  55,  being  filled  with  water,  as  also  a 
set  of  pipes  which  connect  with  it  at  the  collar 
b,  and  a similar  one  opening  into  the  side  at 
the  lowest  water  point.  The  principle  can  best 
be  explained  by  a diagram,  Fig.  56,  in  which 
the  water  circuit  is  shown  complete.  From 
boiler  a the  flow-pipe  b rises  through  the  ceiling 
c into  the  room  to  be  warmed,  and  passing  to 
the  other  side  of  it  bends  back  to  the  return- 
pipe  dj  the  water  in  the  boiler  rising  as  it  is 
warmed,  and  colder  water  from  d taking  its 
place,  to  be  warmed  and  ascend  in  the  same 
way.  So  a circulation  is  set  up  which  soon 
becomes  rapid  and  continuous,  and  the  pipes 
being  heated  give  off  their  heat  into  the  room. 

There  will  be,  of  course,  expansion,  and  this 
must  be  allowed  for  or  the  pipes  will  burst,  so 
a small  tank  e is  fixed  against  the  wall  of  the 
room,  and  connected  by  a pipe  of  \ in.  diameter 
with  the  highest  pipe.  This  is  kept  half-full  of  water,  which  rises  with 
the  expansion  of  that  in  the  pipes,  and  sinks  when  heating  ceases. 
This  is  the  simplest  form  of  the  matter  ; but  it  may  be  applied  in 
various  ways,  by  coils  of  pipe  turning  back  and  forth  upon  each  other, 
and  increasing  the  heating  capabilities  to  any 
extent  necessary  in  a curing-room.  The  expansion 
of  the  pipes  should  also  be  provided  for  by  joints 
which  allow  of  this  occurring  without  damage. 

Such  devices  are  common  in  the  trade,  but 
generally  covered  by  patents.  The  main  body  of 
pipes  can  be  set  permanently  with  an  iron  cement. 

They  need  proper  supports,  which  should  allow 
them  to  rest  on  rollers  so  that  they  may 
have  free  movement  when  expanding,  otherwise 
they  would  drag  their  supports  out  of  the  per- 
pendicular. 

The  rapidity  of  the  circulation  and  extent  of  the 
heating  will  depend  somewhat  on  the  quantity  of 
fire,  and  therefore  on  the  size  of  the  fire-box,  and 
also  on  the  surface  exposed  to  the  flame.  As  the 
water  gives  off  its  heat  it  necessarily  comes  back 
colder,  and  this  in  proportion  to  the  distance  it  has 
travelled,  and  the  time  it  has  taken  in  going  and  returning. 

K 
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Fig.  56. 

Diagram  of  Hot- 
water  Circulation. 

There- 
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fore  the  greater  the  fire-heat  the  quicker  the  circulation,  and  the 
greater  the  heat  given  off  on  the  way. 

An  independent  boiler,  Fig.  55,  may  be  used  in  farm  dairies,  but 
needs  a covering  of  non-conducting  material.  Here,  however,  the 
economy  in  fuel  is  not  so  great  as  in  that  shown  in  Fig.  57,  and  which 

must  be  set  in  stone  or  brick.  This  boiler 
has  pipes  c within,  which  greatly  increase 
the  heat  surface.  The  fire-heat  after  act- 
ing on  these  passes  out  through  a hole,  d 
in  Fig.  58,  where  the  boiler  is  seen  in 
side  elevation  ; and  following  the  course 
of  the  arrows  in  both  illustrations,  passes 
beneath  the  plate  e , around  the  sides  under 
the  plates  f and  over  the  top  into  the  flue 
g,  having  attacked  the  water  at  every 
available  point,  and  made  the  most  of 
whatever  fuel  may  be  employed.  The 
economy  justifies  the  expenditure  on 
setting,  as  against  the  original  cheapness 
of  the  independent  boiler. 

In  our  case  we  have  need  of  a more  than  usually  controllable 
source  of  heat,  such  as  will  avail  to  keep  the  temperature  within  five 
degrees  of  the  best  point  for  the  cheese  ; and  as  the  air  without  artifi- 
cial heat  may  fall  in  a cold  night,  and  even  in  a room  constructed  as 

described,  twenty  degrees  below  that 
best  point,  we  should  have  the  means  of 
raising  the  temperature  at  such  times  by 
fifteen  degrees  at  the  least.  We  do  not 
mean  that  such  a fall  would  come  in  a 
single  night,  but  that  in  a continuation 
of  cold  and  the  absence  of  internal  heat- 
ing the  internal  air  will  steadily  sink 
towards  the  external  temperature,  and 
will  not  recover  itself  in  the  warmer  part 
of  the  day.  Probably  twenty  degrees  of 
difference  is  the  outside  limit  ; but  as  this 
is  always  possible  in  experience  with  autumn-made  cheese,  before  it  is 
ready  for  the  market,  it  must  be  provided  for.  But  plainly  the  heat 
necessary  to  keep  the  room  right  under  such  conditions,  would  be  far 
too  great  for  weather  which,  though  milder,  would  still  be  too  cold  to 
dispense  with  heating,  and  it  is  proper  to  provide  for  the  regulation  of 
the  heat  by  stages,  so  that  the  loss  of  a few  degrees  may  be  met  without 
excess,  as  well  as  the  extreme  of  need  without  a failure.  This  may  be 


Fig.  58. — Hot-water  Tubular 
Boiler — Side  Elevation. 


Hot-water  Tubular  Boiler. 
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effected,  as  shown  in  Fig.  59,  by  the  use  of  a coil  w orking  in  four  sets, 
— one,  two,  three,  or  all  of  which  may  be  employed  at  a time, — with 
corresponding  variations  in  the  extent  of  the  heating.  From  the 
boiler  a , the  flour-pipe  b,  rising,  ends  in  a series  of  T-sections  c, 
connected  by  expansion  joints  d,  and  with  the  circulating  pipes  e, 
which  are  in  four  bends  or  sets  numbered  by  nearness  to  the  boiler. 
A series  of  elbow-s  f joins  the  low’er  pipe  of  each  set  with  the  upper 
one  of  the  next  set,  and  a series  of  valves  //,  and  i are  employed  to 
open  or  cut  off  communication  between  them.  In  Fig.  59,  g and  i are 
all  open,  and  h closed,  so  that  the  circulation  is,  as  showm  by  the 


arrows,  occupying  all  the  coil.  But  by  closing  the  uppermost  ^and  i 
valves,  and  opening  the  corresponding  h valve,  the  circulation  in 
bend  4 would  cease,  and  be  confined  to  1,  2,  and  3 ; and  in  the  same 
way  bends  2 and  3 could  be  cut  off  from  use,  and  bend  1 alone 
employed,  so  giving  entire  control  over  the  temperature.  If  the 
internal  air  should  fall  four  or  five  degrees  below  the  best  point,  one 
bend  would  be  sufficient  to  restore  it ; at  a few  degrees  lower,  a second 
would  be  needed,  and  so  on  ; and  there  could  be  a corresponding 
though  not  equal  economy  in  firing,  for  one  bend  would  not  need  so 
large  a fire  to  maintain  its  heating  power,  as  two  or  more  ; or,  with 
an  equal  fire,  one  would  throw  off  more  by  radiation  alone  than  it 
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would  do  in  proportion  if  working  with  a second.  The  effectiveness  is 
still  somewhat  dependent  on  the  stoker  ; but,  with  no  more  attention 
than  a stove  needs,  the  regulation  of  the  temperature  is  easier  and 
more  nearly  absolute. 

The  supply  of  air  is  brought  from  without  through  louvres  (Fig. 
60  ; and  m , Fig.  59)  in  the  walls,  opening  into  a space  between  the 
floor,  the  ceiling  below,  and  the  two  joists,  with  perforations  ( n ) in  the 
floor.  On  the  inside  of  the  walls  shutters  ( o ) are  provided,  sliding  in 
frames  (p),  and  by  these  the  ingress  of  air  can  be  regulated, — that  one 
being  generally  opened  which  is  on  the  opposite  side  of  the  building 
to  the  direction  of  the  wind,  and  the  other  closed.  This  matter  will 
need  watching  in  practice,  with  the  guidance  of  the  thermometer, 
hygrometer,  and  experience.  The  system  recommended  is,  however, 
the  best  known  to  us,  and  the  cost  justified  by  the  benefits.  The 
commonest  steam  coal,  with  coke  and  any  combustible  rubbish, 
will  serve  as  fuel,  unless  when  the  heaviest  demands  are  made  upon 


Elevation.  Section. 


Fig.  60. — Louvre  Ventilator. 

it,  which  in  our  climate  is  not  often  or  for  a long  time.  In  some  farm- 
houses the  boiler  is  put  in  at  the  back  of  the  kitchen  grate,  but  while 
this  gives  an  advantage  during  the  daytime,  it  fails  at  the  very  time 
when  it  is  needed — during  the  night, — for  even  if  the  fire  be  banked 
down  to  keep  it  in,  it  gives  but  a slow  heat,  and  does  not  meet  the 
case.  It  is  best  to  have  a separate  fire  for  the  purpose,  and  exercise 
the  economy  in  the  kind  or  quantity  of  fuel. 

A factory  for  Cheddar  cheese-making  is  shown  in  Fig.  61  in 
elevation,  and  its  ground-plan  in  Fig.  62.  We  will  follow  the  latter  in 
our  description,  which  we  shall  confine  to  those  matters  in  which  it 
differs  from  the  farm  dairy,  the  two  being  alike  in  general  construction. 
At  the  west  end  will  be  seen  a projecting  roof,  which  shelters  the 
delivery  platform.  The  last  projects  a couple  of  feet  outside  of  the 
building,  and  five  feet  within  the  outer  wall-line.  Two  heavy  doors 
close  it,  falling  within  to  right  and  left  at  time  of  delivery.  This 
platform  should  be  of  concrete  or  stone,  for  it  will  have  much  wear 
with  the  cans  dumped  and  rolled  upon  it  daily.  But  at  the  front  a 
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Fig.  61. — Cheddar  Cheese  Factory. 
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strong  beam  (a) — Fig.  63 — or  stone,  supported  by  a beam  (b)  and 
block  ( c ) embedded  in  the  concrete  foundation  (d),  should  bear  the 


strain  of  the  vehicles  set  against  it,  and  this  and  the  whole  front  wall 
from  the  ground  upwards  should  be  protected  by  pieces  of  wood, 
which  when  worn  can  be  replaced,  leaving  the  main  fabric  uninjured. 
To  this  platform  the  roadway  should  rise,  so  as  to  allow  of  compara- 


tively low  vehicles  delivering  their  milk-cans  with  as  little  lifting  as 
possible  ; and  if  the  road  in  front  can  be  of  stone  paving  it  will  be 
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better,  for,  in  turning,  the  wheels  make  sad  havoc  of  a macadamised 
surface,  and  create  much  mud  in  wet  weather.  A drain-well  ( e ) (and  80, 
Fig.  62)  is  needed  to  receive  the  cleansing  waters  used  on  the  platform, 
which  after  a delivery  will  be  one  of  the  dirtiest  places  on  the  premises. 
A barrier  (/),  with  a leather  cushion  on  its  top  bar,  allows  of  the  cans 
being  tipped  without  bulging,  and  with  trifling  labour  ; and  a pair 
of  iron-bound  skids  (1,  Fig.  62)  should  be  provided,  to  raise  them  a 
couple  of  inches  from  the  floor,  to  give  the  lifters  clear  handling.  We 
have  seen  all  sorts  of  devices  for  milk  delivery,  but  none  which  allowed 
of  such  expedition  as  this  one. 

The  milk  receiver  rests  on  a lower  platform,  with  its  edge  at 
two  inches  below  the  cushion  top,  so  escaping  any  contact  with  the 
cans.  Where  milk  is  bought  by  measure,  this  should  be  gauged  with 
a brass  strip  in  imperial  gallons,  and  the  platform  made  absolutely 
level.  Where  purchase  is  by  weight,  the  scale  should  be  allowed  for 
in  determining  the  height  of  the  platform,  and  any  of  the  best  scales 
of  the  various  makers  will  serve,  preference  being  given  to  such  as 
most  quickly  give  the  correct  result,  and  the  balancing  of  which  is 
least  liable  to  interference  from  the  milk  carriers.  The  bottom  ( a ) of 
the  receiver  (Fig.  64)  is  made  to  slope  towards  the  discharging  valve  b, 
which  is  lifted  by  the  chain 
c,  and  held  up  by  hooking  to 
the  side  so  as  to  allow  of  a 
safe  flow.  Two  hooks  at  a 
half-inch  apart  will  allow  for 
the  variations  in  flow,  which 
are  safe  with  larger  or  smaller 
quantities,  avoiding  waste. 

The  end  of  the  chain  is  se- 
cured to  the  edge  of  the 
vessel.  On  either  side  of 
this  small  platform,  steps 
3,  4 (Fig.  62),  lead  to  the 
lower  platform,  office,  and 
laboratory,  the  whole  of  which 
are  enclosed  by  a partition 
5,  which  is  boarded  up  to  the  Fig.  64. — Milk  Receiver. 

height  of  three  feet,  and 

glazed  above,  giving  those  occupied  in  either  a clear  view  of  the  cheese- 
making room,  at  the  same  time  cutting  off  the  external  air  from  it. 

The  office  is  so  placed  as  to  be  convenient  for  booking  milk  figures 
as  given  from  the  weigher,  and  for  ready  access  to  any  persons  deliver- 
ing milk  who  have  also  other  business  to  transact.  It  contains  a counter 
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(7),  with  nests  and  lockers,  and  a private  desk  (8)  for  the  manager. 
The  laboratory  is  also  conveniently  placed  for  receiving  samples,  and 
provided  with  two  wide  shelves  (9,  10),  high  enough  to  work  at  while 
sitting,  and  a hot  water  and  washing  bath  (12),  with  sundry  shelves  and 
pegs  for  appliances  used. 

By  the  steps  (6),  we  reach  the  cheese-making  room.  Here  are 
four  vats  (13),  of  the  same  form,  but  larger  than  those  recommended  for 
the  farm  dairy.  Their  total  working  capacity  determines  the  outside 
limit  of  milk  supplies,  unless  some  other  manufacture,  besides  cheese- 
making or  the  milk  trade,  is  continually  carried  on.  Space  is  allowed 
in  the  plan  for  the  greatest  length  used  in  practice,  but  the  three  sizes 
used  in  factories  are  as  under,  viz.  : — 


Capacity. 

Width. 

Depth. 

Length. 

400  galls. 

38  ins. 

26  ins. 

129  ins. 

500  „ 

41 

27  .. 

146  „ 

600  ,, 

43  >. 

27  „ 

166  ,, 

The  largest  size  will  seldom  be  required,  and  the  smallest  is  more 
generally  used  in  British  factories  than  any  other.  The  economy  of 
the  former  in  cost  is  not  wholly  gain,  because  with  the  Cheddar  system 
only  a strong  and  tall  man  could  manage  a 600  gallon  vat  properly. 

These  should  be  fitted  for  steam-heating,  and  connected  with  the 
pipe  a,  Fig.  65,  from  the  boiler  by  a piece  b of  the  best  rubber  steam- 


tubing, secured  by  copper  wire  or  a screw  union,  a thread  being  turned 
on  the  pipe  ends  in  either  case.  Where  the  pipe  c enters  the  vat,  the 
joint  must  be  made  watertight.  Within,  c divides  into  two  branches 
d e,  which  extend  the  length  of  the  vat,  and  are  closed  by  caps  f f to 
prevent  steam  escaping  at  their  ends.  The  steam  is  distributed  by 
small  holes  h,  bored  at  intervals  of  a foot  on  either  side,  or  one  in 
six  inches  of  the  whole  length. 
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The  milk  conductor  (14)  has  no  strainer  in  its  receiver,  because  the 
discharge  must  be  so  rapid  as  to  risk  splashing  or  ovei  filling  if  one 
were  used.  Milk  delivery  is  sharp  business,  and  must  not  be  hindered. 
A bag  strainer  on  the  end  of  the  pipe  therefore  selves  the  double 
purpose  of  retaining  solid  matters  accidentally  found  in  the  milk  and 
preventing  splashing.  Fig.  63  shows  that  the  platform  carries  the 
receiver  high  enough  to  give  the  pipe  a good  fall  towards  the  vats  ; and 
also  that  the  pipe  is  made  in  sections,  the  first  reaching  a few  inches 
beyond  the  partition,  the  second  to  the  nearest  vat,  the  third  to  the 
next  vat,  and  so  on.  In  dis- 
tributing the  milk  the  farthest 
vat  is  supplied  first,  then  a 
section  is  removed  and  the  next 
receives  supply,  the  first  vat 
coming  last.  This  also  has  the 
advantage  of  preventing  waste, 
because  each  of  the  joints  is 
over  a vessel,  and  any  droppings 
are  caught.  Against  the  parti- 
tion is  the  second  receiver  (15), 
of  the  same  capacity  as  the  first 
two,  from  which  milk  is  run  into 
it  for  filling  railway  cans  when 
milk  is  to  be  sold  (Fig.  66). 

The  city  suppliers  are  frequently 
glad  to  purchase  large  quantities 
from  the  factories  to  meet  emer- 
gencies, and  such  a provision  is 
important  to  facilitate  speedy 
despatch,  for  by  this  simple 
means  the  cans  can  be  filled  as  fast  as  milk  comes  down,  and 
without  hindering  the  first  delivery  for  a moment.  When  the  last 
can  is  filled  the  pipe  can  be  put  in  place  and  the  next  discharge 
made  into  the  vats.  Such  milk  will  be  despatched  by  the  south  door 
opposite.  The  objects  16,  17,  19,  and  20  will  be  described  later. 
The  pillars  (18)  support  the  main  girders,  which  have  here  to  carry 
a great  weight  in  cheeses  and  shelves  on  the  floor  above.  The  shaft 
(21),  bearing  four  pulleys  (22),  provides  motion  for  grinding  the  curd, 
being  connected  with  the  engine  by  the  belt  (23),  and  this  shaft  is 
carried  by  journals  bolted  to  the  cross  girders  of  the  ceiling. 

The  engine-room  adjoins  the  making-room,  and  this  nearness  gives 
ready  communication  with  the  driver,  while  no  trouble  arises  from 
dust  or  heat ; for  all  the  former,  and  most  of  the  latter,  is  cut  off  by  a 
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partition  (24),  which  enables  the  engine-room  proper  to  be  kept  clean, 
and  comparatively  cool,  the  boiler  being  covered  with  a non-conducting 
material,  and  the  engine  discharging  its  waste  steam  into  the  boiler 
supply  or  the  chimney.  In  Fig.  67  this  is  shown  in  section.  The 

boiler  is  so  set  as  to  rise 
but  a foot  above  the  floor- 
level  of  the  engine-room, 
and  steps  (25)  lead  down 
to  its  front.  Immediately 
before  it  the  floor  is  level, 
but  further  back  slopes 
to  a lower  point  under  the 
coal  gates  (26),  which  give 
a draught  to  the  fires  and 
admit  of  a load  of  coals 
being  discharged  at  once  into  the  store,  the  blocks  (27)  stopping  the 
cart-wheels  at  a safe  point.  The  curbstones  of  the  shute  are  sup- 
ported by  stays.  The  hot-water  boiler  (28)  for  heating  the  curing-room, 
with  its  flow-pipe  29,  its  return-pipe  30,  and  flue  31  leading  to  the  main 
chimney,  is  placed  in  the  best  position  for  the  purpose.  By  the  door 
32  ashes  are  removed,  and  a bench  (33)  is  handy  for  repairing  work, 
of  which  there  is  always  much  to  be  done  in  a factory. 

The  best  steam-boiler  for  a dairy  is  the  single-tube  Cornish,  Fig. 
68,  in  which  the  fire-grate  is  set  in  the  front  part  of  the  tube,  the  heat 


Fig.  68.— Cornish  Boiler. 


passing  through  and  coming  in  contact  with  a considerable  heating 
surface.  Multitubular  boilers  give  steam  more  quickly,  but  are  scarcely 
so  safe  in  most  hands.  From  the  dome  rises  the  main  pipe,  which 
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carries  steam  wherever  it  is  wanted,  as  shown  by  the  dotted  lines, 
Fig.  62.  Taps  suitable  for  this,  and  for  water,  are  shown  in 
Fig.  69  ; where  a is  the  best  for  all  water  use, 
and  for  steam  wherever  it  is  used  free,  as  in 
heating  vats  and  boiling  water.  The  handle,  which 
should  occupy  the  position  shown  when  the  tap 
is  closed,  can  be  more  easily  and  quickly  turned 
down,  and  the  supply  more  quickly  cut  off, 
than  with  the  wheel-valve  b , — which,  however, 
useful  when  accidental  interference  with  a 


is 


great  a risk, 
as  connected 


The  pipe 
with  a vat 


Fig.  69. — Steam  and 
Water  Tai-s. 


handle  would  be  too 
below,  in  «,  is  shown 
distributing-pipe. 

The  engine  (35)  may  be  01  any  reliable  make,  but 
that  shown  in  Fig.  70  has  special  advantages,  and 
in  practice  has  proved  the  best  with  which  we  have 
had  experience.  Set  upon  a foundation  of  stone- 
work, its  cylinder  b and  pump  d are  placed  conveniently  for  attention, 
and  in  the  full  light ; while  the  pulley  f being  on  the  crank-shaft,  is  so 
high  as  to  carry  the  belt  g above  the 
heads  of  passers-by.  If  desired,  the 
main  water  - supply  pump  i can  be 
worked  by  an  eccentric  h direct  from 
it, — i.e.,  if  the  well  is  near  enough  to 
allow  the  pump-pipe  to  reach  it  with 
sufficient  directness.  In  other  cases 
that  pump  must  be  separate,  and 
worked  by  a belt  and  pulley.  In  the 
plan,  Fig.  62,  the  engine  is  made  to 
draw  only  for  the  boiler  from  the  tank 
(36),  while  the  pump  (37)  is  fixed  against 
the  wall  opposite,  and  made  to  draw 
from  a well  situated  under  the  man-hole 
supplied  by  its  own  spring,  if  one  is  found  there,  or  from  a distance  by 

pipes.  The  pipe  ( in  plan)  should  rise  directly 

to  a point  from  which  the  water  can  flow  by  gravitation  to  the  tank 
over  the  butter-room,  a fall  of  two  inches  sufficing  for  this.  Rain  water 
should  be  collected  for  use  in  the  boiler,  hence  the  tank  36  ; but  for 
emergencies,  a pipe  should  supply  this  with  well  water  from  the 
general  distribution. 

A hot-water  tank  (20)  is  useful  in  the  making-room,  and  two  other 
such  arc  found  in  the  washing  (39)  and  churning  (45)  rooms.  These  have 
one  common  form,  though  varying  in  size  according  to  use  ; they  are 


Fig.  70. — Vertical  Engine. 

(38),  this  well  being  either 
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all  kept  strictly  for  dean  hot  water  only.  The  heating  is  clone  by  free 
steam,  which,  as  generally  distributed,  creates  a great  noise,  which  is 
very  inconvenient.  This  may  be  largely  prevented  by  a simple  device, 
shown  in  Fig.  71,  and  which  consists  of  a cylinder  a secured  to  the 

pipe  b by  a screw  collar,  and  per- 
forated as  closely  as  is  consistent 
with  its  strength  over  three-fourths 
of  its  circumference,  the  remainder 
being  turned  towards  the  tank  side, 
where  steam  escaping  would  cause 
rapid  wear  of  the  timbers,  and  is 
therefore  undesirable.  On  this 
cylinder  is  fastened  a thick  and 
coarse  hemp  bag  c,  through  which 
the  steam  passes  with  but  little 
sound,  and  causing  but  little  ebulli- 
tion as  compared  with  that  arising 
in  an  ordinary  steam  heater.  In 
the  illustration  a piece  of  the 
cylinder  is  cut  away  showing  the 
pipe,  which  ends  at  two  inches 
above  the  bottom.  Various  devices 
have  been  brought  out  for  this  purpose  ; but  this  combines  durability, 
cheapness,  and  effectiveness  beyond  any  other  known  to  us,  the  bags, 
though  wearing  out  often,  being  easily  replaced  at  trifling  cost.  An 
extra  thickness  of  wood  ( d ) lines  the  bottom  of  the  tank,  to  receive  the 
wear,  and  be  replaced  when  worn  nearly  through,  so  leaving  the  real 
bottom  in  good  condition.  The  capacity  of  this  tank  should  be  twenty 
gallons  or  more,  according  to  demands,  a considerable  and  ready 
supply  of  boiling  water  being  required  in  the  general  cleaning-up  of 
each  day,  as  well  as  at  other  times. 


Fig.  71. — Water  Heater. 


In  the  washing  room  a larger  tank 
(39)  is  found,  capacity  40  gallons  or 
more,  and  here  all  the  utensils  are 
» removed  for  cleansing  as  soon  as  they 
are  out  of  use.  Wide  racks  (41), 
narrower  shelves  above  them,  and 
pegs  on  the  east  wall,  provide  for 
Fig.  72.— Cheese  Table.  placing  the  appliances  brought  here, 

conveniently  for  the  time  being.  A 
wall  (42)  protects  the  doorway  from  the  wind,  and  a verandah  sup- 
ported by  pillars  gives  a good  drying  and  airing  place,  in  any  state 
of  the  weather,  for  the  many  cloths  used  in  cheese-making. 
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The  passage  admits  air,  in  conjunction  with  the  south  windows 
of  the  making-room,  for  the  airing  of  the  curd,  and  of  the  front  pait  of 
the  building  generally  after  the  day’s  work  is  over,  and  this  is  a very 
necessary  provision.  Along  its  walls  are  racks  (43)  011  which  the 
cleaned  utensils  are  stored  in 
readiness  for  use,  and  on  hooks 
are  hung  the  milk  and  whey 
conductors,  with  an  inclination 
which  allows  them  to  drain  and 
dry  completely. 

The  store  room  is  similarly 
provided  with  a rack  (44)  and 
shelves,  a rack  platform  (44«) 
raised  a foot  from  the  floor  on 
substantial  supports  to  carry  the 
salt  stores,  and  here  should  be 
kept  cloths,  brushes,  soaps,  and 
other  washing  materials.  A 
doorway  into  the  passage  gives 
ready  access  from  the  washing 
room,  another — at  the  south 
end — from  all  other  parts. 

The  churning  and  butter 
rooms  and  butter-cellar  will  be 
described  under  that  manufac- 
ture. Over  the  two  last,  how- 
the  farm  dairy, 


ever,  as  in 


is 


placed  the  water  tank.  A tank 
measuring  14  feet  in  length  by 
10  feet  in  width  and  3 feet 
deep,  would  hold  2500  gallons 
with  proper  margin,  and  this 
would  supply  such  a dairy  as 
we  have  in  mind  for  several 

days.  By  pipes  ( ) this 

is  conveyed  to  all  parts,  and 
taps  ( x ) are  fixed  wherever 
free  water  may  be  required  for 
cooling  or  washing. 

The  press-room  is  arranged  to  allow  of  the  cheeses,  when  made, 
being  drawn  on  the  table  (19)  to  the  presses  (53)  ; and  the  same  table 
serves  for  bandaging,  emptying,  and  conveyance  to  the  lift  (56)  in 
the  cool  store.  It  is  shown  in  Fig.  72.  The  lift,  having  to  do 


Fig.  73. — Factory  Lift. 
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more  work  than  in  the  farm  dairy,  is,  for  economy’s  sake,  made  to 
carry  heavier  loads.  It  has  two  cages  a b (Fig.  73),  strongly 
built,  and  the  strain  of  their  loads  is  borne  by  an  iron  bracing  which 
surrounds  the  woodwork  as  shown  in  Fig.  74.  In  each  cage  is 
a middle  fixed  shelf,  and  two  others  which  rest  upon  side  strips,  and 
can  be  removed  to  allow  of  the  largest  cheeses  being  carried.  They 

are  raised  by  chains  c d,  which  wind 
around  a cylinder  e,  which  in  turn  is 
caused  to  revolve  by  the  endless  rope  J 
drawing  on  the  flanged  pulley  g,  the 
whole  winding  apparatus  resting  in  metal 
bearings  h h on  strong  beams.  The  rope 
pulley  g is  divided  by  a flange  in  the 
middle  ; and  one  of  the  rope  ends  being 
secured  in  one  of  the  divisions,  and  the 
other  in  the  remaining  one,  so  as  to  draw 
in  opposite  directions,  the  cylinder  may 
be  worked  either  way,  raising  one  cage 
while  the  other  is  being  lowered.  The 
cylinder  is  made  of  slightly  larger 
diameter  at  the  middle  flange  than  at 
the  two  ends,  so  causing  the  chains  to 
wind  closely  by  their  tendency  to  work 
The  cages  are  kept  in  place  while  in 
motion  by  rollers  which  travel  against  the  guides  i z,  and  are  seen 
in  Fig.  74.  From  the  ground-floor  ceiling  upwards,  the  track  and 
apparatus  are  enclosed  by  a partition  k (which  is  cut  away  to  the 
right  to  show  the  cage  b),  while  a door  at  each  side  allows  the  cheeses 
to  be  removed,  but  is  closed  at  all  other  times.  The  measurements 
for  all  purposes  depend  on  the  size,  shape,  and  quantity  of  cheese  to 
be  carried,  and  no  figures  would  be  of  general  use.  At  the  beginning 
of  any  season,  when  the  old  season’s  goods  have  been  cleared,  the 
labour  of  raising  new  goods  will  be  at  its  greatest,  the  return  cage 
descending  empty  until  the  first  cured  goods  are  ready,  after  which 
the  loads  will  balance  each  other  ; but  at  no  time  will  it  be  difficult  to 
raise  a load  of  separate  cheeses  of  cylindrical  shape,  or  flat  goods 
piled  two  deep,  the  weight  being  only  with  the  cheeses  (for  the  cages 
balance  each  other),  and  the  leverage  of  the  flanged  wheel  being  as 
great  as  its  chosen  diameter  may  make  it. 

This  room  serves  a double  purpose — providing  a convenient  place 
for  effecting  sales  of  all  cured  goods,  and  for  packing  and  despatching 
them.  The  scales  (55)  are  used  for  weighing  new  cheeses  as  well  as 
stocks  sold,  and  furnish  important  figures  for  manufacturing  and 


Fig.  74. — Cage  of  Lift. 
towards  the  lowest  points. 
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commercial  guidance.  Stairs  (56)  ascend  to  the  curing-room,  and  are 
enclosed  by  a partition  with  doors  ; and  the  vehicles  which  remove 
cheese  to  the  rail  are  set  against  the  doorway  (57)  to  receive  their  loads. 
If  a station  is  near,  a railway  track  could  be  laid  to  the  south  front, 
and  trucks  loaded  with  milk  or  cheese  in  the  most  convenient  manner. 

The  whey-room  may  be  furnished  as  in  the  farm  dairy  with  tanks 
of  ecpial  capacity  with  the  vats  (13),  but  here  the  arrangements  are  for 
mechanical  separation,  the  tank  (58)  holding  from  half  to  two-thirds 
of  the  whole  quantity  of  whey  and  supplying  it  to  the  separator  (59), 
which  is  driven  from  a pulley  of  large  diameter  on  the  shaft  (21)  by 
an  intermediate  motion  (60).  As  the  top  of  the  tank  is  nearly  level 
with  the  floor  of  the  making-room,  and  the  separator  feeding  pipe 
proceeds  from  its  lowest  point  and  must  have  an  inch  of  fall  in  its 
length,  it  is  evident  that  the  floor  must  be  lower  than  that  of  the 
making-room  by  the  depth  of  the  tank,  the  fall  of  the  pipe,  and  the 
height  of  the  separator  and  fittings,  combined.  A platform  (61)  is 
convenient  for  cleaning  the  tank,  and  steps  (62)  lead  to  the  floor. 
A strong  railing  should  be  placed  here.  The  creaming  of  whey 
will  be  dealt  with  under  butter-making. 

The  floors  of  these  ground-floor  rooms  are  made  to  fall  in  the 
direction  of  the  arrows,  and  where  two  arrows  are  shown  on  one 
floor  it  inclines  towards  a common  point,  or  a gutter  shown  by  a 
dotted  line.  There  is  no  trap  within  the  building  ; shallow  open 
gutters  and  wall  pipes  carry  all  waters  to  the  drain  wells,  which  are 
covered  with  gratings,  because  they  lie  in  the  line  of  movement. 
The  head  of  one  line  of  drains  is  at  63,  where  is  a ventilating 
pipe.  This  branch  proceeds  eastward,  with  inspection  openings 
64,  65,  and  66,  getting  drainage  at  67  from  the  butter  and  press 
rooms,  at  70  from  the  cool  store,  and  at  72  from  the  whey-room, — 
the  latter  is  the  lowest  point  of  the  system,  being  five  feet  below  ground 
level.  This  marks  the  necessity  for  a good  fall  of  the  land  in  some 
convenient  direction,  and  shows  that  man-holes,  with  cover  plates, 
must  be  provided  for  inspection  purposes  at  68,  69,  71,  73,  74,  and 
75,  at  a depth  varying  from  four  feet  to  six  feet  in  that  distance.  At 
the  back  of  the  washing-room  the  other  branch  begins  at  well  76, 
also  with  a ventilating  pipe,  and  gathers  the  washings  of  the  coal 
store  at  77,  which  also  serves  for  inspecting  the  section  above  it  ; 
going  west  and  south  it  collects  from  80,  and  joins  the  other  branch 
at  inspection -opening  82,  thence  going  forward  to  a tank  or  dis- 
charge. I he  inspection  holes  of  this  branch,  78,  79,  and  81,  are 
all  more  or  less  beyond  easy  reach  from  the  surface  because  of  the 
rising  roadway  and  their  rapid  fall.  But  it  must  be  remembered 
hat  whatever  the  drainage  system  may  be,  it  cannot  be  effective  f 


. i6o 


MILK,  CHEESE,  AND  BUTTER. 


it  docs  not  meet  the  need  at  all  points  ; and  while  the  plan  given  is 
purely  an  imaginary  one,  it  exactly  illustrates  what  in  one  form  or 
another  has  to  be  faced  in  any  case  where  a true  economy  of  build- 
ing and  management  is  demanded.  Moreover,  the  very  difficulty 
which  makes  such  a system  of  drainage  necessary,  and  so  more 
than  usually  expensive  in  the  first  outlay,  makes  the  economy  of 
that  outlay  the  greater,  as  saving  the  cost  of  all  possible  openings 
of  the  ground  to  reach  drains  in  case  of  stoppage. 

There  is  probably  no  item  in  the  construction  described  which 


most  factory  owners  would  be  so  inclined  to  neglect  in  view  of  its 
apparent  unprofitableness  as  drainage,  and  none  is  more  important. 
It  does  not  make  money,  but  it  prevents  the  loss  of  it  ; and  the  pros- 
pective builder  is  urged  to  secure  himself  from  such  loss  at  the 
outset,  when  the  cost  of  laying  down  such  a system  is  lightest,  be- 
cause the  work  is  then  most  easily  done. 

The  windows  on  the  east  and  south  sides  of  the  building  are 
shaded  by  a projecting  roof,  which  is  particularly  desirable  to  the 
latter,  and  useful  on  both  ; and  the  manager’s  dwelling  will  be  well 
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placed  at  83,  where  he  may  enjoy  the  greatest  privacy  practicable 
in  such  a business,  with  nearness  and  economy  of  time. 

The  curing-room,  Fig.  75,  covers  the  whole  building  with  the 
exception  of  the  washing-room  ; and  may  be  provided  with  shelves 
(84)  to  hold  over  three  months’  stocks,  from  the  aggregate  of  four 
400-gallon  vats  filled  daily,  with  the  floor  beneath  them  besides  for 
an  emergency.  Hot  water  is  recommended  as  well-nigh  indispens- 
able for  heating  this  room.  No  present  stove  arrangements  at  the 
same  cost  will  give  equal  satisfaction  in  working.  In  all  other  re- 
spects the  details  are  as  in  the  farm  dairy. 

These  designs  are  offered,  not  to  be  copied  unless  the  conditions 
are  entirely  suitable,  but  to  give  suggestions  in  a practical  form  which 
may  be  adapted  to  meet  such  conditions  as  exist  on  the  site  chosen 
as  the  best  within  the  area  from  which  milk  is  to  be  drawn.  A set 
of  conditions  better  than  those  supposed  to  be  at  command  here  it 
would  probably  be  hard  to  find.  But  the  dairyer  will  have  no  diffi- 
culty, if  he  has  a good  site  at  all,  in  bringing  his  plans  to  suit  the 
location,  aspect,  water  supply,  drainage,  &c.,  and  to  make  the  best 
of  his  case.  The  next  two  chapters  will  still  further  illustrate  the 
principles  kept  steadily  in  view  in  this  one,  and  the  remainder  of 
the  furniture  of  the  cheese -making  department  will  also  be  given 
where  the  use  of  each  item  can  be  best  described. 

The  cost  of  such  buildings  as  these  depends  so  much  upon  local 
supplies  and  possibilities  as  to  make  it  very  uncertain  at  best  ; and 
in  preference  to  quoting  experience  and  calculations,  we  advise  the 
intending  factory  builder  first  to  carefully  resolve  upon  his  system 
of  manufacture ; the  extent,  immediate  and  future,  of  his  under- 
taking ; the  site  and  conditions  ; the  most  economical  and  convenient 
general  arrangement  for  the  work  ; and  then  to  sketch  his  ideal,  and, 
with  all  details  on  which  he  has  determined,  to  submit  his  facts 
and  designs  to  one  or  two  reliable  contractors  and  obtain  their 
estimates,  with  the  understanding  that  the  construction  is  to  be  of 
the  soundest  and  best. 

The  reader  will  now  be  aware,  if  he  has  not  previously  been, 
that  there  is  nothing  in  the  construction  and  furnishing  of  a factory 
to  prevent  any  success  possible  in  a farm  dairy  if  the  milk  and  skill 
in  handling  it  are  equal. 
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THE  CHEDDAR  SYSTEM  IN  PRACTICE. 

In  describing  the  manufacture  of  Cheddar  cheese,  it  will  be 
convenient  to  suppose  that  the  dairy  and  conditions  are  such  as 
have  been  already  recommended  ; adding,  as  occasion  arises,  direc- 
tions suited  to  other  conditions  under  which  the  dairyer  may  have  to 
labour.  We  will  take  as  a basis  the  matter  of  Chapter  VIII. 

The  receipt  of  milk  in  a farm  dairy  is  a very  simple  matter.  The  con- 
ductor being  placed  in  position,  with  a bag  of  strainer  cloth  fastened 
to  its  end,  the  supplies  from  the  cow-house  can  be  poured  in  as  fast  as 
they  arrive.  If  a sample  of  the  milk  is  required,  it  should  be  taken  as 
soon  as  the  delivery  is  completed,  with  a previous  thorough  stirring. 

In  the  factory  the  work  includes  the  examination  of  milk  and  cans, 
and  the  weighing  or  measuring,  sampling,  and  booking  of  the  former. 
The  person  in  charge  of  the  laboratory  should  inspect  all  supplies, 
and  none  should  be  discharged  into  the  receiving-vessel  until  he  has 
passed  it  as  fit  for  the  purposes  of  the  business. 

The  evening  supply  requires  special  management,  in  view  of  the 
state  of  the  air  and  the  morning’s  needs.  The  aim  of  the  dairyer 
being  to  secure  as  much  ripeness  as  is  consistent  with  entire  safety,  it 

is  necessary  to  determine  on  a 
treatment  <by  considering  the 
temperature  of  the  milk  on 
arrival,  and  the  probabilities  of 
the  night.  The  use  of  a capil- 
lary cooler  is  admissible,  for 
even  if  the  water  is  unnecessary, 
the  passage  of  the  milk  over  the 

Fig.  76. — Cooler  over  Vat.  f sflllted  surface  will  aerate  it,  and 

[Treduce  its  temperature  nearer  to 
that  of  the  air.  It  can  be  hung  by  a wooden  frame  (a,  Fig.  76),  and 
supplied  with  water  by  a rubber  pipe  (<£),  with  another  (c)  to  carry  off 
the  overflow.  This  is  better  in  thundery  weathery  than  any  slower 
cooling ; but  excellent  results  may  generally  be  obtained  by  running 
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colcl  water  into  the  space  between  the  cases  of  the  vat,  fieely  at  fust, 
until  the  heat  is  reduced  from  65°  F.  to  75°  F.  (according  to  the 
weather),  and  afterwards  more  slowly,  with  frequent  stirring. 

In  order  to  thorough  aeration  and  the  prevention  of  cream  rising, 
the  stirring  should  be  kept  up  all  night,  but  in  such  case  only  so  far  as 
will  effect  our  purpose.  A movement  through  it  once  in  two  minutes 


will  serve  for  this,  and  can  be  provided  by  a mechanical  device 
known  as  Austin’s  agitator,  after  its  American  inventor.  There  is  no 
British  patent  on  this,  and  it  can  be  made  by  any  intelligent  crafts- 
man. It  consists,  as  best  made  (Fig.  77),  of  a wooden  beam  two  inches 
in  diameter,  homely  hangers  {b  b)  secured  to  the  ceiling,  and  carrying, 
at  a point  directly  over  the  middle  of  the  vat,  a light  ash  rod  ( c ) i^-inch 
wide  by  |-inch  thick,  excepting  at 
its  extremities,  where  the  thickness 
is  equal  to  its  width,  to  allow,  at  the 
upper  end,  of  a proper  joint  with  the 
beam,  and,  at  the  lower  end,  of  the 
attachment  of  the  floats  ( dd ),  which 
is  done  by  a bolt  and  thumb-screw. 

The  floats  are  made  as  in  Fig.  78, 
and  when  in  use  have  the  upper 
cross-rod  resting  on  the  surface  of  the  milk,  and  the  lower  one  at  three 
inches  below.  From  the  end  of  the  beam  a second  rod  ( e ) hangs  to 
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the  level  of  the  crank  of  a water-wheel  (/),  to  which  it  is  attached 
by  a similar  rod  ("),  the  attachment  being  made  with  bolts  and  thumb- 
screws as  before,  and  easily  effected.  The  wheel  may  be  made  of  zinc, 


Fig.  7q.— Water  Wheel — First  Position. 


with  its  sides  projecting  beyond  its  circumference,  as  seen  in  Fig.  79. 

Between  these  flanges  (a)  the  buckets  ( b , c,  d,  and  e)  are  so  fixed 

that  when  the  wheel  is  at  rest  and  its  crank  at  the  lowest  point  (dotted 

line),  the  first  of  them  ( b ) is 

in  a position  to  receive  water 

from  the  source  provided.  By 

the  time  it  is  full,  the  wheel 

will  have  moved  forward,  so 

as  to  bring  the  bucket  c under 

the  stream,  as  in  Fig.  80, 

and  d and  e follow  in  turn. 

The  crank  has  then  been 

raised  to  the  position  of  the 

dotted  line  fM  and  no  further 

resistance  being  offered  the 

wheel  turns  over,  emptying 

its  buckets,  and  returning  to 
Fig.  80. — Water  Wheel — Second  Position.  . ■ • , ...  T ^ ■„ 

its  original  position.  It  will 

be  seen  that  the  milk  resists  this  motion  by  way  of  the  floats,  and 

this,  with  the  weight  of  the  crank  and  rod  ( g , Fig.  77),  must 

be  overcome  by  the  slightly  greater  weight  of  the  water  in  the 
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buckets  when  full.  To  regulate  this  accurately,  a balance-weight  of 
lead  may  be  secured  to  the  flange  opposite  the  crank,  when  needed. 
The  wheel-axle  rests  in  bearings  on  the  edges  of  a box  (g,  Fig.  79),  the 
bottom  of  which  slopes  towards  the  outlet  h,  from  which  a pipe 
conducts  the  water  to  a tank.  As  the  crank  rises  it  thrusts  the  rod  e 
(Fig.  77)  towards  the  position  //,  and  the  floats  follow  ; then  by  the 
turning  of  the  wheel  they  are  carried  to  the  opposite  extreme  of  the 
motion  limits  (dotted  line  k\  and  the  length  of  the  cranks  and  floats  are 
calculated  to  allow  of  the  latter  covering  between  them  nearly  the 
whole  length  of  the  vat  at  every  such  turning.  These  measurements 
must  therefore  be  fixed  according  to  the  length  of  the  vat,  and  the 
float-rods  to  its  width,  allowing  two  or  three  inches  only  of  margin 
around  their  track.  The  elasticity  of  the  ash  rods  gives  a gentler 
motion,  and  longer  continued,  than  stiffer  ones  would  do,  for  they  bend 
in  following  the  motion  ; and  after  the  wheel  has  come  to  rest,  float  to 
and  fro  a few  times  with  decreasing  distances — being  helped  by  the 
waves  of  milk  which  they  have  caused — before  their  motion  ceases. 
This  action  should  occur  at  intervals  of  two  minutes,  and  the  stream  of 
water  regulated  accordingly.  If  the  contents  of  two  or  more  vats  are 
agitated  from  one  wheel  the  size  of  the  latter  must  be  increased,  so  that 
the  water-weight  may  be  sufficient  to  overcome  the  greater  resistance. 

The  water  may  be  brought  from  the  vat  side,  by  the  pipe  g (Fig.  39) 
being  lifted  and  fixed  at  a proper  height  for  the  purpose,  so  that  the 
one  supply  may  serve  for  cooling  and  motion  ; or  it  may  come  direct 
from  a branch  of  the  main  ; but  in  any  case  a very  small  stream  will 
suffice,  from  one-eighth  inch  with  one  vat,  to  three-eighths  inch  with 
four  vats  being  ample. 

This  apparatus,  by  preventing  the  rising  of  cream,  prevents  also 
the  'sealing  down  of  odours,  which  would  otherwise  happen  with 
warm  milk  slowly  cooled  without  motion,  and  in  the  morning  the 
better  condition  of  the  milk  is  noticeable  in  comparison  with  the 
milk  unstirred.  Moreover,  we  have  never  seen  loss  of  fat  so  fully 
avoided  by  skill  in  heating  and  stirring  in  cream  which  has  risen,  as  by 
the  use  of  this  device  for  its  prevention.  The  floats  should  be  daily 
immersed  for  some  minutes  in  boiling-water  aftci  washing,  and  longer 
after  the  least  suspicion  of  a taint  in  the  previous  making,  and  the 
parts  overhanging  the  milk  should  also  be  kept  carefully  clean.  The 
wheel  box  may  be  made  removable  for  convenience. 

The  agitator,  as  used  in  the  farm  dairy,  with  water  round  the  milk 
(supplied  after  the  first  half-hour  only  at  the  rate  necessary  for  the 
motion),  will  answer  admirably  as  a rule  ; and  if  the  capillary  cooler  is 
at  any  time  required,  it  can  be  used  in  addition  to  the  ordinary  cooling, 
and  the  water  used  in  it  economised  by  requiring  it  only  to  reduce 
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the  milk  to  a temperature  at  which  the  vat  water  can  be  trusted  to 
complete  the  work.  The  agitator  can  be  used  in  the  round  vat, 
but  not  so  well  as  in  the  oblong  vessel. 

Where  no  provision  for  cooling  and  stirring  is  made,  the  separation 
of  the  milk  in  risky  weather  will  greatly  increase  security  from  over- 
ripening. It  may  be  partly  or  wholly  set  in  shallow  vessels,  and 
frequently  stirred  until  bedtime,  but  this  is  not  so  good  for  the  cheese 
as  the  other  arrangement.  The  milk  should  be  brought  from  the 
farm  to  the  factory  at  a temperature  of  6o°  F., — not  higher  when 
the  air  temperature  is  the  same,  and  but  little  lower  at  any  time. 
In  such  case  the  water  need  not  be  used  with  the  vats,  but  served 
directly  to  the  wheel,  and  the  floats  of  each  vat  set  in  motion  as 
soon  as  sufficient  milk  is  in  to  allow  them  to  clear  the  bottom. 

The  temperature  of  the  night’s  milk  will  largely  determine  the 
progress  of  ripening.  It  is  not  possible  to  give  figures  always  and 
everywhere  applicable,  because  changes  of  weather  may  occur,  and 
fermentation  be  helped  or  hindered  by  unsuspected  causes.  With  the 
care  of  the  milk  earlier  demanded,  the  following  figures  should  be  of 
practical  value,  as  showing  the  temperature  to  which  milk  may  be 
reduced  during  the  night  for  safety  : — 


Air. 

70°  Fahr. 

65°  „ 

60°  „ 

55°  „ 

So°  „ 


Milk. 

50°  Fahr 
53°  „ 

57°  „ 

60°  „ 

63°  „ 


With  these  it  should  be  remembered  that  the  larger  the  body 
of  milk  the  longer  will  it  take  to  reduce  its  temperature,  and  the 
means  used  must  be  estimated  accordingly. 

The  value  of  a free  passage  of  pure  and  cool  air  at  this  time  is 
apparent;  but  the  air  within  the  dairy,  if  pure,  is  preferable  to  any 
supply,  however  cool,  coming  from  contact  with  any  fermenting 
matter  or  objectionable  odours.  This  should  be  carefully  considered 
in  connection  with  the  direction  of  the  wind,  and  its  possible  dangers, 
when  determining  on  leaving  the  windows  open  or  shut.  The  use 
of  perforated  zinc  will  not  prevent  mischief.  Millions  of  germs  could 
float  through  the  finest  perforations  known  to  the  trade,  a hundred 
abreast,  and  with  room  to  spare,  and  those  borne  by  the  air  from 
manure  heaps,  <Scc.,  will  not  be  hindered  in  any  serious  proportion. 

The  state  of  the  milk  and  of  the  weather  should  be  the  inquiries  of 
the  early  morning,  and  calculations  based  on  the  facts  made  for  the 
day’s  management.  Too  much  can  hardly  be  said  in  favour  of  this, 
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for  the  leaving  of  these  matters  until  the  milk  is  coming  in  gives  too 
little  time  for  thought  about  it.  Ten  minutes’  consideration  of  the 
conditions  existing  at  or  before  six  A.M.  saves  an  hour’s  thinking  at  a 
later  time,  and  enables  the  dairyer  to  go  about  his  work  with  a clear 
idea  of  his  bearings  all  day.  If,  for  instance,  he  finds  that  the  milk 
does  not  show  the  degree  of  ripeness  which  the  air  temperature  at 
night  and  morning,  and  its  own,  would  warrant  him  in  expecting,  he 
will  know  that  something  is  amiss  ; possibly  some  ferments  checking 
the  L.A.F.,  or  a deficiency  of  the  latter  in  number  and  influence. 
He  will  prove  his  first  fact  by  litmus.  If  this  confirms  the  backward- 
ness, he  will  further  test  with  rennet ; and  if  this  causes  coagulation 
in  a time  proportionate  to  the  apparent  state  of  the  milk,  then  he 
will  use  means  to  encourage  the  L.A.F.,  heat  being  best  ; and 
a few  degrees  at  an  early  hour  being  better  than  a considerable 
increase  later,  because  the  risks  are  less.  The  fermentation  may 
advance  more  rapidly  than  he  expects,  and  it  may  be  necessary  to 
check  it  by  a reduction  of  temperature.  This  is  more  easily 
done  when  the  heating  has  been  slight,  and  the  time  for  cooling  is 
ample,  than  under  the  opposite  conditions.  If  the  rennet  gives  quick 
coagulation,  this — with  the  acid  tests — will  show  that  some  ferments 
are  at  work,  not  only  checking  the  L.A.F.,  but  hastening  the  casein 
towards  curding  at  an  unsuspected  rate  ; and  he  will  check  them  by 
cooling  until  nearer  to  the  time  for  the  rennet,  and  then  with  a rising 
temperature  help  the  L.A.F.  by  sour  whey  in  a suitable  quantity. 
To  introduce  the  whey  at  once  would  unduly  hasten  coagulation, 
and  make  more  trouble  than  it  cured.  This  by  way  of  showing 
how  important  it  is  to  “ take  time  by  the  forelock,”  and  have  leisure 
for  contingencies.  If,  on  the  other  hand,  all  is  well,  then  the  dairyer 
is  happier  all  day  for  knowing  it,  and  pursues  his  duties  with  a con- 
tented mind. 

If  the  cream  has  not  been  hindered  from  rising,  then  what  has 
risen  must  be  removed  before  any  new  milk  is  allowed  to  mix  with  it  ; 
but  if  the  milk  has  been  set  in  pans,  it  may  be  kept  until  the  morning’s 
supply  is  all  in  the  vat,  and  heated,  or,  if  that  is  not  suitable,  poured 
through  a strainer  set  under  the  end  of  the  conductor,  so  mixing 
with  the  warm  milk  as  it  enters  the  vat.  The  cream  when  skimmed 
is  often  returned  in  this  way,  and  if  it  is  well  mixed  in,  and  the 
milk  stirred  gently  but  constantly  afterwards,  it  may  be  largely 
secured  in  the  curd.  But  whatever  method  is  followed,  the  stirring 
is  more  important  than  the  heating ; and  if  it  is  neglected,  the 
cream  will  be  found  on  the  surface  of  the  curd,  and  finally  pass  off 
in  the  whey.  We  have  known  makers  turn  a creamy  curd  over,  to 
“get  the  cream  in,”  they  said;  but  it  invariably  turned  up  in  the 
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whey,  generally  showing  itself  during  the  second  heating  as  the 
greasy  scum,  “Slut’s  butter”;  or  increasing  the  whiteness  of  the  whey. 
Any  heating  done  with  the  cream  will  affect  the  ripening,  and  must  be 
remembered  in  calculating  for  that. 

As  the  time  for  the  last  milk  delivery  is  approaching,  the  dairyer 
should  have  ready  a supply  of  boiling  water,  his  implements  and 
materials  at  hand,  and  his  calculations  made,  so  far  as  they  can  be, 
so  that  when  the  actual  quantity  of  mixed  milk  is  known  he  may  in  a 
few  moments  complete  his  figures  and  put  them  into  practice.  He 
will  find  a little  tray  useful  to  hang  over  the  side  of  the  vat  and  carry 
his  measures  and  other  aids. 

He  must  now  have  a definite  estimate  of  the  influence  of  existing 
and  prospective  conditions,  and  of  the  relations  of  the  ripeness,  heat, 
and  rennet  to  each  other  proper  to  the  case. 

Ripeness. — The  standard  of  ripeness  for  the  Cheddar  system  is 
indicated  by  litmus  as  at  E (Colour-chart),  provided,  of  course,  that 
the  fermentation  is  of  the  proper  kinds,  and  balanced  as  usual.  As 
this  is  exceeded,  or  fallen  short  of,  the  results  already  described  follow 
in  proper  turn  ; and  no  other  is  at  present  known  at  which  so  fine 
goods  can  be  made  with  any  other  combination  of  temperature  and 
rennet.  Other  British  systems  need  other  standards  for  their  best 
results.  This  one  is  consistent  with  the  aims  and  practices  of  the 
Cheddar  system,  the  practices  exercising  a great  influence  on  the 
progress  of  after-fermentation,  and  therefore  on  the  effect  in  general. 
Now,  the  standard  being  fixed,  we  may  consider  the  various  possi- 
bilities which  arise  in  experience. 

(a.)  When  the  night’s  milk  is  sufficiently  advanced  to  ripen  the 
whole,  as  mixed  at  the  temperature  suitable  for  coagulation. — If  the 
morning’s  milk  comes  in  at  920  F.  and  upwards,  the  night’s  milk  needs 
only  to  be  at  the  standard  for  the  mixed  milks  ; for  although  the  new 
supply  is  so  far  from  ripe  on  arrival,  its  mingling  with  so  large  a 
proportion  of  ripened  material  (nfearly  its  own  bulk),  and  the  influence 
of  its  own  temperature,  will  give  ripeness  by  the  time  the  preparations 
for  curding  are  finished.  If  the  morning’s  milk  falls  short  of  the 
temperature  named,  a proportionately  advanced  state  of  fermentation 
in  the  night’s  milk  is,  of  course,  necessary  to  the  same  result  in  mixing. 

(A)  When  the  mixed  milks  fall  short  of  that  point. — This  may  arise 
from — ( aa ) the  temperature  of  the  new  milk  being  too  low,  because  of 
the  coldness  of  the  air  or  the  distance  it  has  been  carried,  so  that 
although  the  night’s  milk  is  as  far  advanced  as  usual,  the  addition  of 
the  morning’s  milk  does  not  produce  the  usual  result  of  mixing  ; or  (6d), 
when  the  night’s  milk  itself  falls  short  of  the  necessary  stage  to  effect 
ripeness  with  a new  milk  of  favourable  temperature.  When  the  dairyer 
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has  reason  to  expect  the  former,  he  should  increase  the  fermentation  in 
the  night’s  milk  beyond  the  ordinary  stage  by  warming  it  proportionately 
before  the  new  milk  is  in.  By  observation  he  can  judge  at  what 
temperature  the  milk  will  arrive  from  any  point  in  a given  air  tem- 
perature ; and  such  facts  should  be  found  in  his  note-book,  so  that  he 
may  have  his  night’s  milk  at  such  a temperature  by  the  arrival  of  the 
new  as  to  ensure  the  whole  being  within  a few  degrees  of  the 
coagulating  temperature  when  the  supply  is  complete  ; and  in  such 
cases  as  that  now  considered,  he  may  commence  his  heating  at  a time 
suitable  to  his  need.  But  this  time  will  be  short,  because,  however 
cold  the  weather  may  be,  he  will  aim  at  a stage  of  ripeness  in  the 
night’s  milk  in  keeping  therewith,  and  the  occasional  failure  of  the 
new  milk  temperature  will  be  compensated  for  by  a very  little  exten- 
sion of  the  time  in  heating. 

But,  owing  to  a proper  caution,  he  will  generally  come  under  case 
bb,  and  find  it  necessary  to  adopt  one  of  the  plans  earlier  described  for 
bringing  up  the  whole  milk  to  the  ripe  point.  These  are — ( c ) waiting 
on  the  milk  at  the  coagulation  temperature,  which  must  not  exceed  a 
few  minutes,  or  the  mass  will  lose  too  much  heat ; (d)  heating  to  a 
higher  temperature,  and  cooling  back  to  the  curding  temperature  by 
the  time  ripeness  is  reached  ; and  ( e ) the  use  of  a ripening  material. 
Only  the  two  last  need  attention. 

( d .)  This  is  a difficult  method  to  explain  in  detail,  because  no 
figures  can  be  relied  upon  to  bring  the  ripeness  and  proper  tempera- 
ture to  coincide  exactly  ; and  we  can  only  advise  that,  where  this  plan 
is  followed,  the  dairyer  should  err  on  the  side  of  safety.  With  this  in 
view,  the  following  table  is  given,  in  which  three  leading  air-tempera- 
tures are  given,  and  those  to  which  the  milk  can  be  raised,  the  heating 
and  cooling  not  to  occupy  more  than  two  hours,  and  probably  much 
less.  Here  much  depends,  as  to  time,  on  the  supply  and  application 
of  cooling  water,  air-temperature,  quantity  of  milk,  and  stirring,  so  that 
it  is  useless  to  attempt  definiteness.  The  letters  under  the  second 


heading  refer 

to  the  Colour-chart, 

and  show 

the  state 

of  the  mixed 

milk  at  the  outset  of  heating  : — 

Air. 

Ripening. 

A p, 

C 

D 

E 

65°  F.  ... 

95q  F.  93°  F. 

90°  F. 

S8°  F. 

S6°  F. 

6o°  F.  ... 

96°  F.  940  F. 

91°  F. 

89°  F. 

87°  F. 

55°  F.  - 

97°  F.  95°  F. 

92°  F. 

90°  F. 

88"  F. 

The  intervals  between  these,  and  the  many  variations  in  application 
which  experience  will  suggest,  we  must  leave  to  the  dairyer,  for  they 
would  fill  a book  if  exhaustively  worked  out  ; but  we  recommend  that 
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if  it  be  desired  to  commence  heating  before  the  milks  are  mixed,  the 
aim  should  be  rather  to  bring  the  curding  temperature  a little  before 
ripeness  than  behind  it.  The  chief  difficulty  is  the  cooling,  which 
uses  much  water,  and  takes  much  more  time  than  the  heating  ; but  if 
this  method  is  used,  this  must  be  accepted  as  a necessity,  and  faith- 
fully carried  out.  The  high  temperatures  at  which  some  who  heat  for 
ripening  add  their  rennet  are  not  consistent  with  the  Cheddar  system. 

(e.)  The  use  of  a ripener  admits  of  much  more  definite  advice,  for 
experience  with  whey  under  proper  conditions  shows  that  it  can  be 
prescribed  with  great  certainty.  We  will  assume  three  stages  of  acid 
fermentation  as  shown  by  litmus,  those  shown  at  N,  O,  and  P in  the 
Colour-chart ; and,  making  allowance  for  the  temperature  as  hereafter 
given,  provide  the  following  table  for  general  guidance  : — 


Whey.  Milk. 


Stages  of  Fermentation. 

Stages  of 

Fermentation. 

N 

A 

...  20 

B 

12 

C D' 

7 4 

Imperial  pints 

0 

P 

...  17 

...  14 

IO 

S 

6 3 1 

4 2 J 

1 Per 

| ioo  galls. 

The  lower  degrees 

of  acidity 

in 

whey,  and 

those  which  come 

between  N,  O,  and  P,  and  between  the  stages  in  milk  represented  by 
the  letters  A to  E (Colour-plate),  can  easily  be  calculated,  and  are  given 
in  the  tables  published  separately  in  the  cheese-making  records.  The 
proportions  do  not  increase  in  an  equal  ratio  at  each  stage,  for  it  is 
found  that  while  three  pints  (O)  will  procure  ripeness  in  ioo  galls,  at  D, 
twelve  pints  will  not  do  the  same  in  the  same  quantity  at  A as  one 
might  expect,  but  seventeen  pints  are  necessary  ; for  it  is  not  merely 
to  add  a given  quantity  of  acid  to  the  milk  to  make  up  a deficiency, 
but  to  encourage,  by  favouring  conditions,  the  ferments  already 
present  (which  at  A have  done  little  or  nothing),  and  furnish  more 
helpers,  and  these  must  either  have  time  or  numbers  to  enable  them 
to  do  what  is  wanted.  Therefore  at  D the  rapidly  increasing  and 
active  ferments  need  but  little  help  compared  with  those  at  stage  A, 
and  yet  are  helped  more  in  proportion  ; and  experience  shows  that 
less  whey  will  serve  than  the  proportions  which  might  be  calculated 
according  to  the  needs  of  the  earlier  stages.  These  figures  answer 
also  with  creamed  milk. 

When  ought  the  whey  to  be  added  to  the  milk  ? The  quantities 
given  in  the  preceding  table  are  intended  to  be  put  in  only  so  long 
before  the  rennet  as  is  necessary  to  stir  it  well  in,  say  from  three  to 
five  minutes.  Its  effects  will  not  exhibit  themselves  immediately  in  a 
ripeness  shade  of  litmus, — the  work  will  be  going  on  while  the  curd  is 
forming  ; but  practice  proves  that  a properly  calculated  measure  of 
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whey  brings  the  result  at  the  correct  time.  If  added  earlier,  a pro- 
portionately less  quantity  must  be  used. 

Temperature. — This  is  fixed  as  low  as  is  consistent  with  the 
ripeness  and  rennet  standards  ; and  it  is  found  that  with  higher 
temperatures,  whether  with  equal  or  less  ripeness  and  rennet,  the 
cheese  is  neither  so  fine,  nor  keeps  so  well.  This,  in  view  of  the 
influence  of  heat  on  ferment  life,  is  quite  reasonable  with  equal  ripe- 
ness at  the  outset  ; and  with  less,  the  hardening  effect  of  more  rapid 
contraction  when  heat  is  out  of  proportion  to  the  other  factors  in  the 
reckoning,  gives  a lack  of  the  mellowness  which  is  one  of  the  glories 
of  Cheddar  cheese.  The  temperature  varies  with  that  of  the  air,  as 
all  such  should  do  in  dairying.  The  temperature  of  the  coagulum 
should  not  fall  below  78°  F.  in  warm,  or  8o°  F.  in  cold,  weather,  or  the 
contraction  of  the  curd  and  separation  of  whey  will  be  too  slow. 

The  quantity  of  milk  must  also  rule,  for  the  smaller  this  is  the 
more  readily  does  it  lose  its  heat.  The  following  table  will  usually 
meet  the  case  : — 


Air  Temperature.  Milk. 

2 o galls,  and  upwards.  ioo  galls. 

65°  F.  80°  F.  81°  F. 

60°  F.  82°  F.  83°  F. 

55°  F.  84°  F.  85°  F. 


50  galls. 

82°  F. 
84°  F. 
86°  F. 


Rennet. — The  quantity  of  rennet  must  be  sufficient  with  milk  ripeness 
and  a proper  temperature  to  produce  coagulation  in  twenty  minutes, 
and  a curd  of  the  proper  firmness  in  thrice  that  time,  or  an  hour  ; and 
it  is  found  that  as  that  is  departed  from,  whatever  other  advantages 
are  gained,  the  mildness,  long-keeping  quality,  and  fine  flavour  are 
lost  in  proportion.  Here  is  that  balance  of  influences  which  lays  a 
firm  foundation  upon  the  solid  rock-bed  of  a sound  milk.  A milk 
which,  under  the  ordinary  treatment,  makes  a weak  curd,  will  need  a 
higher  temperature  and  standard  of  ripeness, — a degree  or  two  of  the 
former,  and  a corresponding  increase  of  the  latter,  being  usually 
sufficient.  The  ripening  is  best  done  in  such  a case  by  whey  ; if  by 
heating,  it  is  slower,  and  more  uncertain  than  with  normal  milks. 

The  order  in  which  the  day’s  work  up  to  this  point  proceeds  may 
be  conveniently  summarised  for  reference  as  follows,  viz.  : — 

(a.)  Examination  of  milk  and  weather  prospects  in  early  morning  ; 
calculations  made  as  to  immediate  needs,  and  generally  for  the  day ; hot 
water  got  ready,  and  all  early  helps  brought  within  convenient  reach. 

(A)  If  cream  has  risen  on  night’s  milk,  this  skimmed,  heated, 
and  returned,  with  a few  minutes’  vigorous  stirring,  and  a gentle  after- 
treatment  maintained  to  prevent  any  second  rising. 

(c.)  Agitator,  if  used,  removed  before  any  heating  of  milk  in  vat. 
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(ff.)  If  ripeness  induced  by  heating,  may  be  commenced  at  any 
suitable  time,  according  to  extent  to  which  it  is  to  be  carried. 

(e.)  If  no  other  heating  than  to  obtain  renneting  temperature,  this 
commenced  as  soon  as  last  milk  has  arrived,  when  the  final  calcula- 
tions for  coagulation  are  made,  and  the  work  as  quickly  completed  as 
it  may  properly  be.  If  heating  by  old  system,  a proportion  warmed 
to  some  suitable  point  not  exceeding  130°  F.,  being  stirred 
meanwhile,  and  returned  to  the  vat.  A degree  or  two  will  be  lost  in 
returning,  and  to  secure  against  a failure  this  should  be  allowed  for 
according  to  experience.  Example — 120  gallons  milk  at  78°  F.  ; 
temperature  desired,  82°  F. — difference,  40  F.  ; 10  gallons  (one-twelfth 
of  whole)  taken  for  heating  ; difference,  40  x 12  = 48  (additional  heat 
required)  4-  78°  (present  heat)  + 30  (allowance  for  loss)  = 1290  F.,  which 
will  bring  the  whole  body  of  milk  to  82°  F.  Sometimes  the  night’s  milk 
may  be  warmed  by  way  of  earlier  assisting  fermentation,  but  whenever 
it  is  near  to  ripeness  it  is  better  to  use  morning’s  milk. 

(f)  If  ripener  used,  should  be  estimated,  with  margin  for  con- 
tingencies, and  placed  with  pint  measure  and  bowl  close  to  vat. 

(g.)  Quantity  of  milk  gauged,  entered  on  record,  and  proportion  of 
night’s  milk  to  whole  noted. 

(/z.)  Rennet  estimated  by  its  strength,  and  the  total  quantity  of 
milk,  to  procure  coagulation  in  twenty  minutes.  If  dry  rennet,  put  it 
into  a bowl  of  dean  cold  water,  and  completely  dissolve  before  use. 
This  may  be  helped  by  gentle  crushing  and  stirring,  after  two  or 
three  minutes’  soaking.  If  liquid,  should  be  ready  in 
glass  measure — Fig.  81 — divided  for  fluid  ounces. 

(z.)  If  colour  is  used,  it  should  first  be  stirred  in 
before  anything  else  is  added. 

(j.)  Next  the  whey,  or  other  ripener,  if  such  is  used, 
the  quantity  being  fixed  according  to  the  then  state  of 
the  milk  as  shown  by  the  litmus  or  other  test.  This 
stirred  in  thoroughly  ; and 

(k.)  The  rennet  added,  with  similar  stirring  for 
three  to  five  minutes,  according  to  bulk  of  milk. 

(/.)  Stirring  should  be  continued  gently  until  coagulation  takes  place  ; 
and  after  ten  minutes  from  the  addition  of  rennet,  it  should  be  confined 
to  the  upper  part  of  the  milk,  and  gradually  decreased.  In  a round 
vat  the  tendency  of  the  milk  to  swing  around,  whirlpool  fashion,  must 
be  avoided  ; for  it  will  continue  much  longer  in  motion  than  in  any 
irregular  currents,  and  is  difficult  to  arrest  when  it  is  necessary  to 
bring  the  milk  to  stillness.  A motion  across  the  vat  in  various 
directions  is  more  effectual  in  keeping  the  globules  from  rising,  and 
can  be  stopped  in  a few  seconds. 


Fig.  81 
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(/;/.)  The  curding  test  should  be  used,  with  frequent  dipping  of  the 
glass,  and  the  exact  time  from  the  addition  of  rennet  to  coagulation 
made  note  of,  and  multiplied  by  three  to  ascertain  the  time  at  which 
the  curd  should  be  firm  enough  for  the  next  process.  If  the  time  is 
more  or  less  than  twenty  minutes,  the  work  will  proceed  with  pro- 
portionately greater  or  lesser  speed  throughout.  This  test  is  a good 
pointer  to  the  whole  after-management. 

(«.)  The  vat  should  then  be  covered  up,  as  in  Fig.  38  (round  vat). 
The  small  sizes  of  the  oblong  vat  can  have  an  entire  cover,  with  a 
hinged  flap  ; but  in  the  larger,  this  would  be  too  heavy  and  awkward. 
Excepting  with  high  air  temperatures,  seldom  known,  no  mere  cheese 
cloth  covering  is  sufficient.  But  such  is  often  used,  with  the  effect  of 
a curd  tender  at  the  colder  surface,  and  an  uneven  working  under 
manipulation,  and  in  final  result.  Here  is  one  of  the  points  at  which 


Fig.  82.— Oblong  Vat  (Covered). 


waste  arises,  for  no  skill  can  prevent  the  weaker  part  from  being 
broken  unduly,  while  the  firmer  part  is  being  treated  in  accordance 
with  its  condition.  It  is  a choice  between  wasting  some  of  the  upper- 
most two  or  three  inches  of  curd  ; or  handling  the  rest  so  as  inevitably 
to  procure  too  great  hardness,  and  a final  necessity  for  rapid  mani- 
pulation, with  waste ; or  imperfect  whey  separation.  Of  the  two  evils 
the  waste  of  the  tender  curd  may  well  be  chosen  ; but  the  need  of  such 
a choice  ought  to  be  avoided. 

(<?.)  During  the  interval  of  forty  minutes  the  implements,  &c.,  used 
up  to  this  should  be  removed,  and  such  as  will  be  used  until  whey 
separation  is  completed  brought  into  their  place. 

The  time  calculation  must  not  be  entirely  trusted,  but  checked  by 
an  examination  of  the  curd,  at  ten  minutes  before  the  time  of  expected 
readiness  ; for  fermentation  occasionally  makes  unexpected  advance, 
and  the  work  must  proceed  when  the  curd  is  ready  in  any  case.  The 
fact  that  it  is  firm  enough  before  it  is  due  by  calculation,  points  plainly 
to  a need  of  quicker  handling;  and  to  suffer  a delay  under  such  con- 
ditions, is  to  make  waste  almost  unavoidable  by  the  later  need  of  still 
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Fig  83. 

Grain  of  Curd. 


greater  hurry.  If,  on  the  other  hand,  the  curd  is  not  firm  enough,  that 
condition  must  be  waited  for.  Generally  it  will  be  ready  at  the  time 
calculated  upon. 

The  condition  of  the  curd  is  generally  tested  by  putting  the  finger 
into  it,  and  then  bending  and  lifting  it  out  again  ; if  the  curd  clears 
from  it,  sufficient  firmness  is  argued  ; if  particles  remain  on  the  finger, 
it  is  supposed  to  prove  it  too  weak  for  handling.  But  this  test  is 
unreliable,  as  experience  has  proved ; and  the 
reason  for  its  failure  is  found  mainly  in  the  fact 
that  curd  has  a grain,  and  splits  clearly  in  one 
direction,  and  not  in  another.  The  stirring 
after  renneting  causes  currents,  unseen  and  very' 
irregular,  to  form,  and  in  these  the  viscous  casein 
takes  direction.  They  are  still  moving,  though 
very  slowly',  when  curding  takes  place,  and  this 
fixes  them  just  in  the  positions  they  occupy  at 
that  time.  The  fact  of  the  grain  may  be  proved  by 
drawing  the  finger  through  the  curd  in  different  ways,  as  in  Fig.  83, 
when  it  will  be  found  that  at  any  point  the  curd  will  break  with  a 
jagged  fracture  in  all  but  one  direction.  It  by  no  means  follows  that 
the  clean  fracture  will  follow  one  direct  track, — it  very  seldom  does  so 
for  more  than  a few  inches,  showing  the  many  varied  courses  of  the 
currents.  Now,  while  the  finger  will  carry  no  curd  in  the  line  of  the 
clean  fracture  for  some  time  before  the  curd  is  firm 
enough  for  treatment,  it  will  do  so  from  all  other 
directions,  and  for  some  time  beyond  the  firm  point. 

A better  test  is  by  pressing  the  back  of  the  finger 
upon  the  surface  (Fig.  84)  and  estimating  the  resist- 
ance, which  is  soon  learned  under  a teacher,  or — with 
patience — by  observation.  It  is  not  at  present  possible 
to  describe  the  firmness  by'  any  standard.  The  im- 

„ portance  of  a curd  uniform  at  all  points  will  be  seen, 

Testing  Curd  for  t , . , . ....  , . 

Firmness.  m view  of  this  test  being  required  to  judge  of  the  time 

proper  for  next  duty. 

Whey  Separation. — In  the  Cheddar  system  this  is  effected  by  a 
series  of  manipulations  which  have  a direct  relation  to  each  other,  and 
a direct  and  estimated  influence  on  the  character  of  the  cheese ; and  in 
whatever  this  differs  from  the  products  of  other  hard-curd  systems,  it 
does  so  mainly  because  of  the  treatment  which  is  now  to  be  described. 
Several  other  systems  share  with  it  the  management  up  to  this  point  ; 
and  so  closely'  alike  are  they',  that  the  differences  cannot  account  for 
those  observed  in  results.  Here  the  Cheddar  system  goes  off  on  a 
track  of  its  own  ; and  if  we  arc  to  obtain  the  peculiar  qualities  of  its 


Fig.  84. 
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product,  we  must  follow  it  fully  in  principle,  and  with  no  more  varia- 
tions in  practice  than  will  tend  to  an  equal  or  greater  value  in  the 
same  direction. 

(a.)  The  curd  is  first  cut  into  squares  of  six  to  eight  inches,  by  a 
knife  which  may  be  a single  blade  as  a (fig.  85)  for  use  in  farm-dairy 
vats,  or  double-bladed  as  b for  factory  vats, 
and  the  blade  as  long  as  the  greatest  curd- 
depth  in  either.  The  distance  apart  of  the 
blades  in  b must  depend  on  the  width  of  the 
vat,  and  be  so  calculated  that  the  knife  may 
make  the  cuttings  at  its  own  width,  and  leave 
a similar  width  on  either  hand  against  the 
sides  of  the  vat.  This  may  be  done  by  a knife 
cutting,  as  at  a (Fig.  86), — 7.2  inches  in  a vat 
three  feet  wide.  The  cross  cutting  may  be  also 
made  so  as  to  distribute  the  length  between 
them  as  evenly  as  may  be,  and  a single  blade 
can  be  used  to  cut  away  the  curd  from  the 
sloping  sides,  where  the  double  knife  would 

, r 0 , . , Fig.  85.— Curd  Knives. 

leave  an  angle  of  curd  uncut  either  at  the  side 

or  bottom.  This  cutting  is  purely  for  convenience  and  economy, 
because  the  subsequent  methods  could  not  be  employed  to  the  best 
advantage  without  it.  It  must  be  so  done  as  to  give  the  greatest 
practical  uniformity  in  the  size  of  the  blocks.  In  a round  vat  the 
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Fig.  86.— Curd  Cutting  (Oulong  Vat). 


cutting,  if  done  in  squares,  as  is  usual,  leaves  some  parts  much  smaller 
than  the  rest ; but  if  cut  as  in  Fig.  87  much  greater  uniformity  is 
secured. 

(b.)  The  next  business  is  to  reduce  these  blocks  to  smaller  size, 
both  by  cutting  and  splitting,  so  as  to  prepare  them  for  the  third  form 
of  treatment  ; and  this  is  best  done  by  the  .ancient  skimmer  (Fig. 
88),  which  consists  of  a perforated  concave  blade  of  a diameter  equal 
to  the  width  of  the  squares  of  curd  as  usually  cut,  and  having  a 
handle  12  to  18  inches  long,  according  to  the  depth  of  curd  provided 
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Fig.  87. 

Curd  Cutting  (Round  Vat). 


haste  or  clumsiness 


for  in  the  vat,  so  that  it  may  reach  the  bottom  without  carrying  the 
hand  under  the  curd  surface.  It  is  sunk  into  the  curd  edgewise,  and 

so  curved  to  the  left  as  to  come  under 
a block,  and  then  brought  up  flatwise, 
so  raising  and  pressing  the  curd  until 
it  splits  into  two  or  three  parts  (Fig. 
89.),  when  the  skimmer  is  brought  out 
edgewise,  and  the  action  repeated  with 
other  blocks.  The  course  of  the  move- 
ment is  shown  in  Fig.  90.  This  action 
is  brought  to  bear  on  every  block,  the 
skimmer  entering  at  half  the  width  of 
one  block,  and  so  dividing  it  on  its  way 
to  raise  the  next  one  to  the  left.  The 
movement  must  be  slow  and  steady,  so 
avoiding  the  waste  which  always  follows 
, and  uniformity  in  the  size  of  curd,  as  divided, 
must  be  the  maker’s  constant 
aim.  This  latter  is  not  attain- 
able in  the  strict  sense,  especially 
in  the  first  round  of  work,  for 
the  curd  splits  with  an  irregu- 
larity dependent  on  its  grain  ; 
if  such  be  necessary,  the  regularity  in 
size  becomes  striking  with  a skilful 
handling ; for  any  fragments  which  are 
larger  than  they  should  be  are  cut 
through  with  the  skimmer  in  its  down- 
ward movement,  while  such  as  are  too 
small  are  avoided — being  only  sub- 
jected to  the  pressure  of  the  upward 
movement. 

With  the  first  round,  if  the  curd  is 
deep  it  may  be  treated  to  half  its 
depth,  and  the  lower-half  lifted  up 
through  the  upper  on  the  second 
round,  thus  sending  the  upper  part 
to  the  lower  position.  In  any  case 
the  tendency  will  be  to  reverse  the 
relations  of  the  upper  and  lower  parts 
of  the  curd,  and  to  expose  any  larger 
fragments  for  special  attention,  whether  of  cutting  or  splitting, 
as  may  best  fit  with  the  maker’s  purpose.  Before  the  skimmer  is 


Fig.  88.— Skimmer. 


but  at  the  second,  or  third- 
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removed  all  fragments  should  be  of  three  to  four  inches  across  ; and 
this  will  be  generally  reached  by  two  rounds  of  working,  when  the 
whole  depth  of  curd  is  taken  at  once  in  the  first  round,  or  in  three 
rounds  when  it  is  taken  at  twice 
in  the  first  breaking.  By  the 
time  the  proper  size  is  gained 
the  curd  lumps  will  be  floating 
in  a quantity  of  clear  whey,  and 
occupy  less  space  in  proportion 
to  the  separated  whey  than 
would  have  been  the  case  if 
cutting  only  had  been  practised. 

This  is  due  to  the  pressure 
which  has  been  brought  to  bear 
upon  it,  either  of  the  skimmer 
direct,  or  of  one  lump  against 
another  in  the  upward  motion,  fig.  90. — Diagram  of  Skimmer  Breaking. 
this  greatly  assisting  the  natural 

contraction  of  the  curd  and  the  expulsion  of  the  whey. 

Here  also  the  cutting  has  been  a convenience,  because  no  tool  has 
been  yet  devised  to  do  the  work  equally  well  without  cutting  ; but  the 
splitting  has  done  its  share  of  the  work  of  division,  and  is  a distinct 
step  in  the  direction  of  the  later  manipulation  peculiar  to  the  system. 
From  this  point  cutting  ceases  until  the  curd  has  reached  a point 
where  it  is  a matter  of  indifference. 

( c .)  The  splitting  of  the  curd  is  now  carried  on  by  an  implement 
called  a “breaker,”  the  best  form  of  which  is  the  shovel-breaker  (Fig.  91), 


which  can  be  used  in  various  ways  to  meet  the  changing  needs  of  the 
curd,  and  more  perfectly  controlled  in  its  movements  than  any  other 
implement  yet  introduced  for  the  purpose.  It  consists  of  a curved 
ash  handle  a varying  from  4 ft.  6 in.  to  6 ft.  in  length,  and  side  pieces 
b b from  4^  to  5 inches  distant  from  the  handle,  and  these  with  round 

M 


i;8 


MILK,  CIIEESE,  AND  BUTTER. 


brass  wires  c c form  a rack,  the  size  being  according  to  that  of  the 
vat  in  which  it  is  to  be  used.  The  handle  should  be  from  | to  i inch 
thick  in  its  upper  part,  and  narrow  to  from  J to  | inches  at  the  lower 
part,  and  be  of  i|  inch  to  ij  inch  in  width  throughout.  The  side 
pieces  should  be  § to  f inch  in  thickness,  of  the  same  width  as  the 
handle,  and  12  to  15  inches  long.  The  wires  may  vary  from  i to  yV  inch 
diameter,  and  be  set  from  1 inch  to  ij  inch  apart.  The  highest  and 
lowest  wires  must  be  long  enough  to  rivet  the  whole  firmly  together, 
those  coming  between  only  passing  two-thirds  through  the  side  pieces. 
All  parts  should  be  rounded,  and  as  smooth  as  possible.  This  tool  is 
calculated  to  effect  the  purpose  of  the  system  perfectly  ; it  causes  the 
curd  to  split  in  its  own  grain,  and  so  reduces  its  size  ; at  the  same 
time  it  presses  upon  it,  and  assists  the  natural  contraction  and  expulsion 
of  the  whey,  while  —with  proper  care — its  smooth  surfaces  prevent  waste. 

The  aim  of  the  dairyer  now  is  to  reduce  the  size  of  the  curd  until  it 
has  reached  that  of  large  peas,  about  inch  through,  and  to  carry  on 
this  work  so  as  to  continually  expose  fresh  surfaces.  If  it  is  not  done 
quickly  enough  the  curd  gets  hard,  and  a very  vigorous  effort  has  to 
be  made  to  complete  the  breaking,  with  inevitable  waste.  Beginners 
generally  err  in  this  respect  in  their  anxiety  to  avoid  that  whiteness  of 
the  whey,  which  comes  of  too  fast  breaking,  and  shows  a loss  of  fine 
curd  in  suspension,  with  fat  globules.  In  either  case  waste  is  the 
result  ; and  therefore,  of  the  two  evils,  too  fast  is  better  than  too  slow; 
for  with  the  latter  there  is  also  loss  of  time,  and  the  danger  of  being 
unable  to  break  the  curd  fine  enough  at  all,  in  which  case  after- 
mischief will  arise.  Of  this  more  in  its  place.  For  the  same  reason 
the  breaking  must  be  continuous,  for  if  it  is  left  for  even  a few  minutes 
it  is  still  hardening  by  contraction,  and  settles  also  to  some  extent,  so 
as  to  necessitate  a too  vigorous  action  in  distributing  it  afresh,  and 
overtaking  the  size  suitable  to  the  condition.  The  curd,  as  it  hardens, 
slips  easily  between  the  wires,  and  seals  over  its  surface  in  some 
degree,  with  a corresponding  tendency  to  retain  the  whey  instead  of 
expelling  it,  so  that  stirring  without  breaking  is  mischievous.  In  fact 
this  part  of  the  work  must  be  done  without  interruption.  The  care  of 
the  boiler  must  be  on  other  hands,  to  enable  the  cheese-maker  to  give 
his  whole  mind  to  this  one  duty,  without  a passing  anxiety  as  to  the 
readiness  of  his  hot-water  or  steam  supply  when  he  will  need  it. 

The  curd  has  been  brought  by  the  skimmer-breaking  to  such  a size 
as  to  admit  of  the  breaker  being  used  without  harm.  It  is  put  in 
against  the  side,  so  gently  as  to  avoid  breaking  the  upper  curd 
unduly,  and  when  it  reaches  the  bottom  is  thrust  gently  forwards,  and 
moved  about  through  all  parts,  so  as  to  treat  the  curd  uniformly. 
There  should  be  method  in  these  movements, — the  best  results  can 


THE  CHEDDAR  SYSTEM  IN  PRACTICE. 


179 


scarcely  be  obtained  .without  it.  In  an  oblong  vat  the  work  is  easy, 
the  breaker  track  following  the  dotted  lines  and  arrows  in  Fig.  92, 
until  the  other  end  of  the  vat  is  reached,  when 
the  dairyer  crosses  to  the  other  side  and  repeats 
his  work.  The  shape  of  the  vat  tends  to  keep 
the  curd  in  one  place,  so  that  the  motion  of  the 
breaker  is  resisted  by  it,  instead  of  its  moving 
away  from  it. 

In  a circular  vat  the  tendency  is  to  swim 
round  in  front  of  the  breaker ; and  the  dairyer 
using  such  a vat  must  take  care  to  prevent  this 
as  much  as  possible,  by  breaking  from  side  to 
centre  (Fig.  93),  and,  after  going  round,  by 
turning  back,  so  as  to  ensure  equal  treatment. 

The  resistance  offered  to  the  breaker  is  an 
indication  of  the  hardness  of  the  curd,  and  must 
always  be  watched.  The  hand  can  be  educated 
to  a high  degree  of  sensitiveness  in  this  matter; 
and  although  the  resistance  is  much  greater  in 
the  tender  state  of  the  curd  when  the  lumps  are 
large,  than  later  when  they  are  small  and  can  pass 
between  the  wires  freely,  yet,  with  an  allowance 
for  this,  the  condition  of  hardness  can  be  esti- 
mated with  remarkable  accuracy,  and  the  dairyer  can  be  sure  at  any  point 
whether  or  not  his  curd  is  as  small  as  it  ought  to  be  in  that  condition. 

The  motion  is  slow  at  first,  but  as  progress  is  made  the  speed  must 
be  increased  ; and  it  is  well  to  do  this  methodically  also,  going  round 
once  at  a given  speed,  and  quickening  the 
pace  at  the  old  starting-point  for  another 
round  at  the  new  speed,  and  so  on  to 
the  end, — rather  than  altering  speed  at 
irregular  intervals.  The  speed  will  also 
depend  on  the  size  of  the  vat  ; in  a small 
one  it  will  be  slower  than  in  a large  one, 
because  the  area  will  be  covered  by  fewer 
movements.  The  aim  should  be  to  break 
it  as  quickly  as  may  be,  with  a clear 
whey.  Fine  skill  in  this  work  can  only  be 
attained  by  intelligent  and  painstaking 
practice,  but  these  given  and  maintained 
it  is  sure.  The  mind  must  dismiss  all 
other  matters  for  the  short  time  necessary  to  it,  and  give  its  best 
attention  to  the  work  in  hand,— just  as  a painter  on  an  exhibition 


Fig.  93. — Track  of  Breaker — 
Round  Vat. 


Fig.  92. 

Track  of  Breaker — 
Oblong  Vat. 
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painting,  or  a musician  on  a solo  before  a large  audience,  would  do. 
There  is  both  science  and  art  in  this  manipulation  ; and  the  ability 
to  carry  a curd  through  this  process  with  a whey  well-nigh  as  clear 
as  wine,  and  the  curd  particles  themselves  so  uniformly  broken  as  to 
make  the  next  part  of  the  work  possible  to  be  perfect,  is  within  the 
reach  of  anybody  who  really  cares  about  it  and  will  patiently  take  the 
necessary  trouble.  It  will  be  most  easily,  quickly,  and  permanently 
acquired  by  adopting  the  methodical  course  suggested. 

The  first  position  of  the  breaker  is  shown  in  a,  Fig.  94,  breaking 
the  lower  part,  and  resting  on  the  bottom, — this  is  used  for  the  first 


two  rounds  ; the  second  at  b , which  also  occupies  two  rounds  ; and  the 
third  at  c,  which  may  be  maintained,  with  occasional  returns  to  the 
second  position,  throughout  the  rest  of  the  breaking  process.  The 

action  at  c is  very  difficult  to  describe,  either 
in  words  or  by  a diagram  ; but  it  consists  in 
a curve,  which  is  made  from  one  side  of  the 
vat  to  the  other,  by  a thrusting  forward  and 
a drawing  back,  accompanied  by  a twist  of 
the  lower  hand,  which  grasps  the  handle,  as 
in  Fig.  95,  firmly  but  lightly,  the  upper  hand 
holding  it  loosely  so  as  to  allow  it  to  move  as 
Lower  Hand  in  Position  c.  freely  as  possible  without  slipping  from  it. 
By  this  means  rapid  motions  may  be  made  without  mischief,  while 
long  sweeping  movements  could  not.  As  with  all  motions  born  of 
intelligence  and  training,  those  which  are  nearest  to  perfection  are 
also  the  most  easy  and  elegant ; and  while  elegance  may  be  held 
in  light  esteem  in  such  a connection,  it  is  inseparable  from  the  best 
work. 

When  the  curd  has  been  brought  to  pieces  of  an  inch  thickness, 
the  sides  and  angles  of  the  vat  should  be  cleared  of  any  adhering 
to  them  by  wiping  them  down  with  the  hand  pressed  flat  against 
the  metal  and  moved  over  all  parts  below  the  surface  of  the  curd. 
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If  any  is  left,  it  will  not  be  properly  treated  with  the  rest,  and  at 
the  next  stage  will  be  over-heated.  The  breaking  may  take  from  a 
half-hour  to  an  hour  ; no  positive  rule  can  be  laid  down  as  to  time, 
and  it  is  never  safe  to  attempt  any.  The  condition  of  the  curd  must 
determine  in  all  cases,  and  this  is  liable  to  frequent  variations  even 
when  the  first  conditions  are  allowed  for,  according  to  the  time  of 
coagulation.  During  this  time  it  will  be  tiresome  to  hold  the  breaker 
with  the  hands  in  one  relation  only,  and  it  is  wise  to  learn  to  break 
left-handed,  so  as  to  be  able  to  frequently  change  hands,  and  give 
the  upper  hand  rest  in  a lower  position.  All  through  uniformity 
must  be  kept  in  view.  It  is  not  enough  that  the  largest  pieces  in 
the  vat  are  small  enough  ; if  any  appreciable  proportion  of  the  whole 
are  noticeably  smaller,  the  results  of  the  after-treatment  will  not 
be  uniform  ; and  that,  and  every  succeeding  part  of  the  system,  is 
dependent  on  this  and  on  the  others  which  have  gone  before  them  for 
their  success. 

The  immediate  influence  of  the  breaking,  as  described,  is  plain  : 
at  the  end  of  it,  and  throughout  the  remaining  processes,  the  curd 
contains  less  whey  than  that  of  any  system  which  uses  cutting  tools 
throughout.  There  is  an  old  Cheddar  maxim  that  if  too  much  whey 
is  left  in  the  curd  at  the  end  of  the  breaking  it  never  can  be  properly 
extracted  afterwards,  and  experience  proves  this  to  be  true.  The 
Cheddar  system  aims  at  a much  more  complete  whey  separation 
than  other  systems,  because  it  desires  a mild-flavoured  and  long- 
keeping  cheese,  and  therefore  takes  this  course  consistently  with 
that  aim  for  the  reduction  of  fermentative  possibilities.  If  the  use 
of  cutting  tools  tends  to  leave  a larger  proportion  of  whey  in  (the 
curd,  it  also  manifestly  tends  to  more  fermentation,  a flavour  earlier 
and  stronger,  and  a shorter  lease  of  good  quality,  and  therefore 
violates  the  first  essential  of  the  system.  It  may  be  answered  that 
there  is  an  evident  gain  in  weight  by  the  larger  proportion  of  whey 
secured  by  cutting  implements.  We  admit  it,  but  the  Cheddar  system 
does  not  seek  quantity  so  much  as  quality  j and  when  any  dairyer 
takes  to  cutting  tools  in  order  to  gain  that  advantage,  he  forsakes 
the  Cheddar  system  and  has  no  longer  a right  to  call  his  product 
Cheddar  cheese.  Our  forefathers  knew  better.  Formerly  a tool  of  the 
kind  shown  in  Fig.  132  was  used,  but  it  was  of  round  form  and  made 
with  found  wires.  In  the  middle  years  of  the  century  an  apparatus 
was  brought  out  for  breaking,  to  be  worked  by  a revolving  handle  ; 
this  has  disappeared  because  it  could  not  bear  the  test  of  use, — but 
it  was  consistent,  for  it  presented  only  rounded  surfaces  to  the  curd. 
Lut  in  these  latter  days  there  have  been  brought  into  western  dairies 
cutting  bieakers,”  easier  to  use,  quicker  in  action,  &c.,  with  side 
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blades  of  metal  and  flat  or  diamond-shaped  wires  ; and  these  are 
the  curse  of  those  dairies,  not  only  interfering  with  the  integrity  of 
the  system,  but  also  bringing  about  the  cause  for  the  complaint  that 
modern  Cheddars  (such  have  no  right  to  the  name)  do  not  keep 
as  those  did  which  made  the  system  famous.  The  pastures  of 
Somersetshire  cannot  save  cheese  which  are  so  made.  We  are  not 
concerned  to  dispute  the  claim  to  superiority  according  to  the  stand- 
ards of  this  market  or  that  show,  where  quick-ripening  goods,  the 
product  of  cutting  tools,  are  encouraged.  They  may  be  more  pro- 
fitable to  their  makers,  more  pleasing  to  the  modern  merchant  and 
grocer,  they  may  be  the  cheeses  of  the  future  for  all  we  know,  but  they 
simply  are  not  Cheddars — any  more  than  they  are  Cheshires  or  Stiltons. 

This  work  cannot  be  satisfactorily  done  by  mechanical  power,  all 
attempts  up  to  date  have  fallen  short  of  the  needs  of  the  case.  It 
is  dangerous  to  prophesy,  but  we  cannot  conceive  of  anything  that 
could  fulfil  the  demands  of  the  system  fully.  If  curds  were  uniform  in 
their  action,  they  might  be  so  broken,  though  the  necessity  for  a 
progressive  speed,  under  a complete  control,  would  make  the  apparatus 
somewhat  complicated.  But  the  variations  in  condition  and  rate  of 
hardening  due  to  those  which  occur  in  fermentation,  must  be  met  by 
corresponding  variations  in  the  manipulation  ; and  we  know  of  nothing 
equal  to  the  human  hand,  educated  to  recognise  such,  and — with  the 
mind  and  will  to  guide  it — ready  to  adapt  the  action  to  the  conditions. 
Any  apparatus  which  could  do  the  work  as  well  as  the  trained  hand 
can  do  it  would  be  welcome,  but  there  is  at  present  no  prospect  of 
relief.  It  is  not  claimed  here  that  the  implements  described  are  the 
only  ones  which  can  be  used  under  the  system  ; for  any  others  which 
fulfil  its  demands  in  regard  to  form  and  action  are  in  order,  and  we 
shall  be  glad  to  see  any  real  improvement  on  the  present  appliances. 

The  breaking  being  now  completed,  further  help  to  the  separation 
of  the  whey  is  given  by  heat,  which  encourages  contraction  and 
hardening.  Its  effects,  however,  depend  for  their  kind  and  extent 
upon  the  size  of  the  curd  particles.  If  these  are  larger  than  the  size 
given,  the  outer  part  of  each  closes  up  under  the  influence  of  the  heat 
and  contact  with  the  breaker,  and  encloses  a part  of  the  whey  which 
should  have  been  expelled,  and  which  no  amount  of  after-treatment 
can  fully  get  rid  of.  The  retention  of  whey  will  therefore  be  in  pro- 
portion to  the  excess  of  size  in  the  curd.  By  failing  to  break  it  small 
enough,  part  of  the  advantage  of  the  breaking  (as  against  cutting)  is 
lost ; and  the  rule  as  to  the  size  of  the  curd  at  this  point  is  therefore 
an  essential  of  the  system.  When  however  the  curd  is  of  the  right 
size,  the  heat  reaches  the  centre  of  each  particle  so  fully  as  to  secure 
a uniform  condition  throughout  it,  leaving  the  extent  of  the  hardening 
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and  whey  expulsion  to  be  regulated  by  the  length  of  the  exposuic  to 
the  heat  and  breaker-action.  Whatever  may  be  the  state  of  the  cui  cl 
(under  these  conditions)  at  the  time  that  this  part  of  the  process 
ceases,  it  will  be  at  least  alike  throughout  each  particle,  which  it 
could  not  possibly  be  if  it  was  too  large.  It  is  also  impoitant  that 
it  should  not  be  broken  too  small,  for  although  in  that  case  the 
hardening  will  take  less  time,  the  liability  to  waste  is  gieatei,  and 
the  exposure  to  the  air,  when  the  whey  is  withdrawn,  does  moie 
mischief  by  unduly  reducing  the  temperature. 

The  heat  could  not  be  applied  at  any  better  time.  Its  action  is 
controllable  by  varying  (a)  the  temperature,  and  ( b ) the  length  of  time 
during  which  the  curd  remains  in  the  whey.  These  two  items  in 
the  process  must  be  carefully  balanced  according  to  the  needs  of 
the  case,  and  therefore  both  must  be  considered  separately,  and  as 
combined. 

(a.)  The  proper  temperature  depends  on  several  considerations. 
The  .system  demands  as  low  limits  as  are  consistent  with  its  general 
aims  ; and  although  higher  ones  would  do  the  work  more  quickly,  it 
is  found  invariably  that,  all  other  points  being  uniform,  the  lower 
temperatures  give  the  best  cheese,  and  the  longer  attention  of  the 
dairyer  is  well  paid  for.  With  this  in  view,  the  system  eschews  high 
temperatures  for  coagulation,  and  the  curd  is  only  exposed  to  a higher 
temperature  about  half  the  time  between  the  renneting  and  the 
removal  of  the  whey.  This  means  much  less  fermentation  than  would 
accompany  higher  temperatures  administered  throughout.  The  tem- 
perature must  be  such  as,  with  proper  care,  will  keep  it  warm  enough 
until  curd-ripeness  is  attained,  to  encourage  fermentation,  and  the 
expulsion  of  the  free  whey  which  will  be  taken  up  with  it  at  a later 
point.  If  the  curd  becomes  too  cold  these  are  unduly  checked,  and  a 
sodden  and  troublesome  condition  arise, — with  a defective  texture, 
flavour,  and  keeping  quality,  if  compensation  by  greater  curing  heat  is 
attempted  ; or  otherwise,  an  uncertain  rate  of  curing,  with  bad  flavour 
of  a different  kind.  The  temperature  for  this  purpose  should  not  be 
lower  than  90°  F.  at  curd-ripeness , and  it  is  found  necessary  to  employ 
a scalding  temperature  ranging  from  95°  F.  to  ioo°  F.,  according  to 
the  air,  and  the  quantity  of  milk  in  use.  This  carries  the  work  into 
the  “ most  favourable  ” range  of  the  friendly  ferments  with  the  natural 
consequences  ; limited,  however,  by  the  whey  expulsion  to  narrower 
possibilities  than  in  other  systems.  A lower  range  of  temperature, 
with  more  whey  retained,  would  give  an  equal  fermentation,  but  would 
not  by  any  means  give  similar  final  effects,  for  fermentation  is  not  the 
only  influence  at  work;  and  even  this  continues  to  alter  the  cheese  in 
flavour,  digestibility,  and  keeping  quality  up  to  the  time  of  con- 
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sumption,  which — occurring  at  varying  ages — must  make  it  difficult  to 
fulfil  the  main  aims  of  the  system  by  any  compensation.  The  system 
is  more  certain  in  its  results  with  an  average  temperature  of  970  F.  and 
the  drier  curd,  than  with  any  other  combination  which  we  can  think 
of.  The  air  temperature  will  always  be  lower  in  our  climate  than  that 
of  the  scalding,  and  in  proportion  to  the  difference  will  be  its  power  to 
reduce  the  latter,  for  during  much  of  the  time  the  contents  of  the  vat 
will  be  constantly  stirred  in  contact  with  the  air.  The  quantity  of 
curd  and  whey  will  also  affect  our  calculations,  because  the  smaller  it 
is  the  more  rapidly  will  it  lose  heat.  The  table  below  will  give  general 
guidance  in  this  matter  : — 


Air. 

200  galls,  and  upwards. 

Milk. 
200  galls. 

100  galls. 

65°  F. 

96°  F. 

97°  F. 

98°  F. 

6o°  F. 

97°  F. 

98°  F. 

99°  F. 

55°  F. 

98°  F. 

99°  F. 

ioo°  F. 

With  quantities  which  ioo°  F.  will  not  keep  at  proper  temperature, 
the  loss  of  heat  may  be  made  good  by  applying  a gentle  heat  a short 
time  before  the  present  part  of  the  process  is  finished,  but  long  enough 
before  that  to  allow  the  vat  to  cool  to  the  temperature  of  its  contents 
before  the  curd  is  allowed  to  settle  in  it.  It  is  not  desirable  to  exceed 
the  limit  given,  for  the  hardening  effect  of  the  heat  increases  in  pro- 
portion to  the  excess  of  temperature,  and,  with  a temporary  check  on 
the  fermentation,  disturbing  the  balance  of  influence.  The  further  we 
proceed  beyond  the  limit  the  greater  is  the  difficulty,  and  even  for 
special  cases  where  the  soil  influence  produces  weakness  of  curd,  we 
do  not  think  it  ever  necessary  to  exceed  102°  F. 

The  hardness  of  the  curd  should  be  uniform  in  order  to  the 
uniformity  of  texture  ; and  as  the  expulsion  of  whey  will  be  propor- 
tionate in  a curd  of  the  proper  size,  the  fermentation  will  be  uniform 
too  in  the  final  product,  other  points  being  properly  managed. 

The  variations  of  temperature  will,  to  some  extent,  affect  the  length 
of  exposure  to  the  hot  whey,  which  is  necessary  to  the  uniformity  of 
hardness,  and  no  safe  rule  can  be  made  as  to  time  in  the  case.  Many 
makers,  finding  that  a certain  time  seems  to  work  rightly  adopt  it  for  a 
standing  rule  ; but  observation  shows  that  scarcely  anything  tends  more 
to  differences  in  curd-condition  within  the  limits  of  the  system  than  does 
this  practice.  It  is  wise  to  cast  time  out  of  the  reckoning ; and,  having 
chosen  a proper  scalding  temperature,  to  carry  on  the  work  until  the 
desired  hardness  is  obtained,  however  long  it  may  take.  Only  in  this 
way  can  a regular  result  be  secured,  for  curds  differ  from  day  to  day, 
and  they  can  only  be  brought  to  a like  state  by  meeting  them  with 
corresponding  variations  in  management.  In  practice  the  “ scalding ” 
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of  the  curd  is  carried  out  by  turning  on  steam  or  hot  water,  or  remov- 
ing a proportion  of  the  whey  to  heat  and  return  as  in  the  case  of  heat- 
ing milk  for  coagulation.  In  the  last-named  method  it  is  usual  to  do 
it  at  twice,  raising  the  temperature  to  a half-way  point  at  first  ; and 
while  the  whey  is  heating  for  this,  to  remove  that  needed  to  complete 
the  work.  The  whey  is  returned  to  the  vat  by  bowlfuls,  with  a circular 
sweep  of  the  hand,  so  as  to  distribute  it  evenly  and  ensure  as  uniform 
heating  of  the  curd  as  may  be.  To  reduce  the  quantity  of  whey  to  be 
heated  in  the  boiler,  most  makers  finally  remove  as  much  as  they  can 
from  the  vat,  while  the  first  heating  is  progressing,  but  this  may  be 
carried  too  far.  The  whey  should  always  be  sufficient  to  allow  of  the 
curd  freely  floating  in  it,  and  the  removal  of  more  than  one-fourth 
besides  what  is  needed  for  heating  is  unwise.  With  a reduction  of 
small  quantities  it  is  necessary  to  increase  the  scalding  temperature  to 
secure  against  undue  loss  of  heat,  or  to  recover  it  by  a late  heating. 
In  this  respect  the  original  proportion  of  whey  to  curd  is  a distinct 
advantage,  as  better  maintaining  the  warmth. 

In  getting  out  the  whey  for  heating,  it  is  necessary  to  let  the  curd 
sink  for  a few  minutes,  and  then  to  use  a strainer  to  prevent  its  being 
carried  into  the  warmer.  A hair  strainer  is  best  held,  as  in  Fig.  96, 
from  the  inside  of  which  the  whey  is  dipped, — a much  quicker 
plan  than  that  followed  by  many  makers,  who  dip  the  whey  with 
much  care  to  have  as  little  curd  in  the  bowl  as  possible,  and  pour 
it  through  the  strainer  held 
over  the  warmer.  Whatever 
curd  eludes  this  care  is  ex- 
posed to  the  colder  air,  with 
loss  of  uniformity  in  proportion 
to  the  quantity  so  exposed. 

The  whey  while  being  heated 
should  be  gently  but  constantly 
stirred,  and  the  curd  in  the  vat 
as  well.  I he  common  practice  of  letting  the  latter  rest  until  the 
whey  is  nearly  hot  enough,  and  then  stirring  it  vigorously  to  float  it 
afiesh,  is  bad,  for  either  there  will  be  waste  by  the  violence  which 
must  be  incurred,  or  there  will  be  liability  of  its  being  heated  in 
clots  and  with  proportionate  lack  of  uniformity. 

I he  labour  involved  in  this  way  of  heating  is  not  justified  by 
the  difference  in  cost  between  the  old  style  of  vat  and  that  for 
water-heating.  The  comparison  of  these  as  already  made  applies 
in  scalding,  but  it  has  been  asserted  that  a special  benefit  is  obtained 
by  ^1C  clllcl  being  suddenly  exposed  to  the  action  of  the  heated 
whey,  a theory  for  which  there  is  not  the  slightest  foundation.  The 
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best  makers  among  those  who  use  it  take  all  care  to  avoid  this 
supposed  benefit  by  distributing  the  whey  as  widely  as  possible,  in 
the  absence  of  which  care  an  uneven  scalding  must  result.  Even 
if  it  were  practicable  to  heat  suddenly  and  evenly  at  the  same  time, 
no  advantage  could  arise  beyond  the  slight  reduction  of  time  in 
the  after-treatment,  which  must  be  more  than  swallowed  up  by 
the  waste  of  time  in  dipping  and  heating.  Of  late  years  supporters 
of  this  notion  have  brought  out  apparatus  for  reducing  the  labour,  but 
their  genius  might  have  been  better  employed,  for  nothing  has  yet  been 
given  us  which  can  equal,  either  in  economy,  or  suitability  to  the 
system,  the  hot-water  or  steam  vats  as  described.  These,  it  has  been 
said,  tend  to  the  clotting  and  over-heating  of  the  curd,  and — in  careless 
hands — this  may  be  true,  as  it  is  of  the  other  method ; but  if  the  curd 
is  stirred,  as  it  ought  to  be  in  any  case,  no  such  trouble  can  possibly 
arise.  It  is  best  for  all  reasons  to  raise  the  temperature  gradually, 
occupying  fifteen  to  twenty  minutes  in  the  doing,  and  the  breaker 
turned  over  as  in  Fig.  97,  and  kept  scouring 
the  bottom  of  the  vat,  and  thrust  into  all  its 
angles  just  rapidly  enough  to  keep  the  curd  well 
distributed. 

In  hot- water  vats  the  allowance  of  time  for 
removal  of  the  heating  water  must  be  calcu- 
lated by  experience,  so  as  to  avoid  too  high 
temperature  by  its  remaining  too  long  around 
the  contents.  Some  makers  allow  a part  of  the 
hot  water  to  remain,  but  if  this  is  done  there 
should  not  be  enough  to  reach  the  bottom  of 
Breaker ‘in  Scalding,  the  inner  case.  In  farm  dairy  quantities  it 
may  be  useful  in  maintaining  a slightly  higher 
temperature  than  would  otherwise  be  the  case. 

The  stirring  is  afterwards  maintained,  but  more  slowly,  until  the 
curd  has  i*eached  a certain  hardness,  which  cannot  easily  be  described. 
If  before  that  some  be  squeezed  in  the  hand,  it  clings  together  and 
mashes  upon  being  pressed  by  the  thumb  ; but  when  it  is  firm  enough 
it  will,  under  like  treatment,  rub  abroad  into  its  original  particles. 
The  actual  point  at  which  the  stirring  should  cease  occurs  a little  later, 
generally  within  a few  minutes  ; and  as  it  offers  no  evidence  excepting 
a slightly  greater  firmness,  it  can  only  be  learned  by  direct  teaching  or 
experience.  It  is  often  described  as  “shotty,”  but  this  conveys  an 
impression  of  a greater  hardness  than  is  desirable,  and  is  likely  to 
mislead.  The  stopping  point  also  depends  somewhat  on  the  size  of 
the  cheese,  for  a small  one  needs  a fraction  more  moisture  than  a large 
one,  because  it  loses  proportionately  more  in  curing.  The  difference 
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is  from  one  to  five  per  cent.,  as  shown  by  experience  ; but  this  cannot 
be  calculated  by  any  rule,  and  there  is  no  test  by  which  the  amount 
present  can  be  determined  at  the  moment  when  it  must  be  known. 
Observation  alone  can  teach  in  this  case. 

The  errors  which  may  arise  in  this  work  may  now  be  noticed. 
If  the  stirring  be  stopped  too  early,  too  much  whey  is  left  in  the 
curd,  with  the  consequences  already  noticed  ; while  if  it  is  stirred  too 
long,  the  curd  is  too  hard,  and  the  cheese  shows  a dryness  which 
seems  to  indicate  poorness  even  when  the  fat  proportion  is  ample. 
The  dryness  is  opposed  to  the  natural  curing  changes,  at  least  those 
of  fermentation.  It  has  not  been  proved  by  direct  experiment  that 
the  rennet  is  hindered  by  any  such  lack  of  moisture  as  might  arise 
from  this  cause,  nor  does  present  knowledge  of  its  action  suggest 
its  probability,  but  it  is  possible. 

The  curd  is  now  allowed  to  sink  and  “pack,”  or  “mat”  together 
in  a solid  body.  This  would  happen  at  any  time  from  the  com- 
mencement of  breaking  onwards,  but  it  is  avoided  in  the  Cheddar 
system  until  the  “stirring  in  scald”  is  finished,  and  then  it  is  en- 
couraged. The  maker’s  aim  is  to  get  the  curd  into  such  a form 
that  it  shall  lose  as  little  heat  as  possible,  and  thus  secure  a steady 
progress  of  fermentation.  If  the  whey  was  withdrawn  at  once  while 
the  curd  was  in  a loose  state,  the  air  would  mingle  with  it,  and  by 
cooling  it  check  the  fermentation  to  a serious  extent ; and  since  the 
fermentation  induces  the  viscous  state  which  helps  the  packing,  it 
would  be  difficult  to  get  it  to  pack  after  the  check.  So  it  is  left 
under  the  warm  whey  long  enough  to  become  solid,  though  the 
surface  particles  are  liable  to  be  scattered  by  bad  management. 
The  packing  is  greatly  hindered  by  too  much  hardness  of  the  curd, 
and  it  is  therefore  only  safe  to  judge  of  its  state  as  ascertained  by 
the  hand ; but  a curd  properly  managed  up  to  this  point  will  be 
solid  in  thirty  minutes,  and  variations  in  ordinary  experience  will  not 
exceed  a few  minutes  more  or  less  than  this.  With  a higher  degree  of 
fermentation  it  would  take  proportionately  less  time  ; with  a lower 
degree,  more  time  would  be  required.  Here  no  time  rule  will  serve. 

Some  makers  keep  the  curd  under  the  whey  until  it  will  “draw” 
with  the  hot-iron  test ; but  this  is  inconsistent  with  the  Cheddar 
system,  which  requires  the  removal  of  the  whey  as  soon  as  possible 
after  solidity  is  obtained,  and  only  a sour  or  tainted  curd  will  respond 
to  that  test  at  such  a time.  What  are  the  reasons  for  the  Cheddar 
rule?  Our  forefathers  made  it  because  they  found  that  their  cheese 
was  much  milder  and  finer  flavoured  when  the  whey  was  drawn 
early  than  when  it  was  left  longer ; and  we  know  now  that  the 
mischief  wrought  in  the  latter  case  was  due  to  improper  fermenta- 
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tion.  In  the  whey,  which  not  merely  covers  the  curd  but  also  fills 
the  tiny  spaces  between  its  particles,  the  fermentation  is  making  pro- 
gress, although  the  evidences  by  any  test  show  that  there  is  but 
little  more  acid  at  the  end  of  the  stirring  than  at  the  renneting. 
The  stirring  has  helped  to  this  by  exposing  the  contents  of  the  vat 
to  the  action  of  the  O of  the  air.  But  there  is  progress,  and  this 
becomes  much  more  rapid  after  the  stirring  ceases,  so  much  so 
that  an  hour  or  two  will  give  the  answer  to  the  hot-iron  test.  But 
the  flavour  of  the  cheese  will  not  be  quite  equal  in  any  case,  and 
often  will  be  very  inferior.  This  may  be  due  to  ferment  relations 
unsuitable  to  the  present  needs  of  the  curd,  to  the  presence  of  bad 
ferments  which  are  favoured  by  the  progress  of  the  L.A.F.  and  C.F., 
or  to  the  other  conditions  under  which  the  curd  exists. 

The  L.A.F.  have  done  much  of  their  important  work  in  forwarding 
the  conditions  of  the  curd,  modifying  the  C.F.  action,  keeping  in  check 
other  ferments,  and  giving  firmness  to  the  curd.  They  are  still  neces- 
sary, but  their  proportions  in  the  whey  of  the  curd — both  that  actually 
retained  in  it,  and  that  which  is  free  but  mingled  with  it — are  ample 
for  all  further  needs,  as  experience  proves,  and  their  continued  progress 
in  the  whey,  where  the  C.F.  have  no  equal  chance  with  them,  makes 
an  ill  balance.  There  is  every  reason  to  believe  that  the  C.F.  makes 
more  rapid  progress  after  the  whey  is  withdrawn  than  before,  for  while 
the  L.A.F.  action  may  be  necessary  to  the  proper  working  of  the  C.F., 
there  proves  to  be  enough  of  it  to  carry  forward  the  acid  formation 
rapidly,  and  the  C.F.  has  an  increased  proportionate  influence.  This  is 
shown  by  the  fact  that,  when  the  rennet  is  equal  in  two  vats,  the  curd 
which  is  kept  longest  under  the  whey  shows  more  acid,  but  a lower 
degree  of  the  influence  in  which  the  rennet  works  with  the  C.F.,  to  the 
mellowing  of  the  curd.  The  rennet  is  also  checked  by  the  L.A.F.  and 
its  products  ; but  this  does  not  satisfactorily  account  for  all  the  result, 
even  in  the  best  cases  of  long  covering  by  the  whey.  The  whole  fer- 
ment action  is  out  of  proper  balance  with  that  of  the  rennet.  There  is 
also  the  possibility  of  unfriendly  ferments  being  retained  with  the  whey, 
doing  little  or  nothing  until  a certain  state  of  preparedness  is  brought 
about  by  the  friendly  ferments,  but  then  starting  into  mischievous 
activity.  This  would  only  occur  in  ordinary  experience  after  the  point 
at  which  the  Cheddar  maker  draws  the  whey,  and  he  therefore  escapes 
it.  Beyond  all  this  there  is  also  the  moral  certainty  of  the  increase  and 
retention  of  certain  products  of  fermentation  which  are  harmful  by 
reason  of  their  own  flavours,  and  their  tendency  to  form  chemical 
combinations  among  themselves  and  with  the  materials  of  the  curd 
and  whey.  These  are  largely  got  rid  of  by  airing,  which  is  impossible 
as  long  as  the  curd  is  covered  with  whey.  This  is  the  Cheddar 
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practice  referred  to  earlier  as  having  been  grafted  on  to  the  American 
system  to  the  great  advantage  of  its  product. 

From  100  gallons  upwards,  in  vats  of  appropriate  size,  the  curd 
may  be  allowed  to  sink  evenly  over  the  bottom ; for  with  such  quan- 
tities it  will  not  harm  if  properly  managed  ; but  with  lesser  quantities 
the  depth  will  be  scarcely  sufficient  to  save  it  from  undue  cooling, 
and  it  will  give  an  advantage  if  the  curd  be  drawn  up  to  the  vat- 
side  in  a deeper  body,  with  care  to  have  as  nearly  as  possible  an  equal 
depth  in  the  pile.  It  will  be  a work  of  patience,  but  worth  the  doing. 

The  removal  of  the  whey  is  best  effected  with  the  use  of  a syphon 
(a)  and  cylindrical  strainer  (b,  Fig.  98).  The  former  is  a bent  tube, 
generally  of  tinned  copper,  ij 
to  i|  inch  diameter,  having 
one  limb  longer  than  the  other 
by  two  or  three  inches ; and  the 
shorter  of  the  two  of  such  a 
length  that,  when  resting  on  the 
vat-side  as  in  Fig.  99,  its  end 
should  reach  within  two  inches 
of  the  bottom.  The  strainer 
may  be  from  seven  to  ten 
inches  diameter,  and  of  such 
depth  as  to  reach  the  top  while 
resting  on  the  curd.  For  the 
curd  thickness  to  2 inches 

may  be  allowed,  according  to  the  depth  of  the  vat.  The  best  straining 
material  for  use  with  whey  is  perforated  brass,  the  other  parts  being 
made  of  tinned  steel.  The  strainer 
being  sunk  as  low  in  the  curd  and  as 
close  to  the  side  of  the  vat  as  may  be, 
the  syphon  is  filled  by  holding  it 
under  the  whey,  and  its  ends  tightly 
closed  as  in  Fig  100;  then  lifted  to 
an  upright  position,  and  lowered  to 
its  place.  The  whey  in  the  vat  is 
subject  to  an  air  pressure  of  16  lbs. 
to  the  square  inch  ; and  there  being 
but  little  resistance  at  the  end  of  the 
longer  limb,  the  whey  from  this  flows 
out  and  is  followed  by  that  in  the 
shorter  limb  and  in  the  vat,  as  long  as 
thereis  sufficienttomaintainthe  action. 

The  whey  might  be  drawn  through  the  tap,  but  this  would  cause  a 


Fig.  98.— Syi'hon  and  Stkainer. 
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powerful  draught  of  the  liquid  over  the  surface  of  the  curd,  with  the  re- 
moval of  any  fine  or  loose  particles.  The 
use  of  a strainer  before  the  tap-opening 
would  prevent  this,  but  it  would  be  easily 
clogged  with  the  curd  and  give  much 
trouble,  while  the  syphon  with  its  cylin- 
drical strainer  causes  but  little  disturb- 
ance by  suction,  and  practically  no  loss. 
The  syphon  is  sometimes  made  with  a 
tap  at  the  end  of  the  longer  limb  ; this  is 
useful  where  the  whey  is  to  be  carried  off 
in  pails  for  want  of  any  better  provision. 
In  such  case  the  tap  may  be  turned  off, 
and  the  syphon  kept  full  while  the  pails 
are  changed.  The  advantages  of  the 
arrangement  in  our  typical  dairy  will  be 
seen  as  compared  with  such  a method  of  removal.  A conductor 
( 1 8,  Fig.  32)  similar  to  that  used  for  milk  (Fig.  42),  but  without  a 
strainer,  is  laid  between  the  vat  and  the  whey  tank 
(19,  Fig.  32),  or  the  outlet,  where  no  creaming  is  done, 
and  the  longer  limb  of  the  syphon  so  secured  as  to 
safely  deliver  its  outflow  into  it.  At  the  lower  end  of 
the  conductor  is  a bag  of  strainer  cloth  (Fig.  101), 
which  catches  all  curd  which  may  escape  after  the 
opening  of  the  tap.  Before  the  whey  is  set  running, 
all  particles  of  curd  which  have  been  splashed  against 
the  vat  sides  above  the  whey  surface  should  be 
washed  down  with  a clean  fibre  brush. 

When  the  whey  has  sunk  to  half  the  depth  of  the  vat,  this  latter 
should  be  tipped  (as  in  Fig.  102  ; or  Fig.  37,  if  a round  vat)  so  as  to 


Fig.  ioi. 
Curd  Strainer. 


deepen  the  body  of  liquid  and  enable  the  syphon  to  draw  out  much 
more  than  would  be  possible  with  the  vat  in  a level  position.  This 
tipping  must  be  done  slowly  to  avoid  disturbing  the  curd,  which  would 
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otherwise  rush  with  the  whey  to  the  lower  end  and  be  badly  broken, 
much  of  the  good  sought  in  packing  being  undone.  A pole,  five  to 
six  feet  long  and  strong  in  proportion  to  the  size  of  the  vat,  is 
the  best  and  simplest  aid,  this  being  set  (as  in  Fig.  102)  so  as  to  take 
the  descending  weight,  and,  after  the  wedges  are  struck  out  from  under 
the  front  legs,  lowering  the  whole  under  perfect  control.  The  wedges 
are  then  fixed  securely  under  the  hind  legs  (Fig.  103),  so  that  they 


may  not  slip  when  the  pressure  is  brought  to  that  end  of  the  vat.  The 
conductor-head,  which  is  at  first  raised  as  high  as  it  can  to  meet  the 
descending  whey  and  prevent  splashing,  must  be  lowered  to  accom- 
pany the  syphon  limb. 

In  the  factory  (Fig.  62),  the  conductor  may  best  be  made  to  serve 
all  the  vats  at  once,  having  under  the  tap  of  each  an  opening,  into 
which  a funnel  may  be  placed  as  in  Fig.  104,  so  providing  for  the 
whey  removal  from  either  vat  without  delay.  In 
this  case  a metal  strainer  is  best,  and  a second  will 
be  useful  to  allow  of  replacement,  so  avoiding  the 
necessity  of  keeping  the  loose  curd  away  from  the 
mass  while  the  whey  is  being  drawn  from  the 
several  vats.  At  this  time  the  whey  supply  for  the 
next  day’s  milk  ripening  should  be  taken,  and  all 
helps  required  during  the  next  half-hour’s  work 
placed  ready  to  hand.  Further  reference  to  the 
whey  will  arise  in  Chapter  XVII. 

When  the  sound  of  air-suction  is  heard  at  the 
end  of  the  shorter  limb  of  the  syphon — warning  that  it  can  do  no  more 
—the  tap  should  be  opened  and  the  syphon  and  its  strainer  removed, 
the  latter  being  freed  from  curd  by  brushing.  The  curd  should  now  be 
divided  into  two  parts  (as  at  a , Fig.  105)  by  a keen  knife,  which,  to 
serve  for  later  purposes  as  well,  should  have  a blade  of  eight  to  ten 
inches  long,  according  to  the  size  of  the  vat.  It  is  next  drawn  towards 
the  sides  of  the  vat,  so  making  a gutter  between  the  dotted  lines  b b. 
This  is  commenced  at  the  lower  end  of  the  vat,  so  that  as  the  whey  is 


Fig.  104.  — Funnel 
and  Conductor 
for  Whey. 
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pressed  out  it  may  freely  flow  away.  The  lower  part  of  the  two  bodies 
of  curd  so  formed  are  next  to  be  cut  into  squares  of  half  their  width 


Fig.  105. — Curd  Divided  for  Piling. 


{c  c,  Fig.  105)  and  piled.  A scoop  (Fig.  106),  of  a size  to  take  one  of 
these  squares  easily,  is  the  best  means  of  lifting 
them  ; and  by  deftly  turning  them  over,  as  in  Fig. 
107,  they  may  be  laid  closely  and  neatly  in  two 
piles  on  the  parts  d d (Fig.  105),  with  their  upper 
surfaces,  which  have  been  exposed  for  a few 
moments  to  the  air,  turned  under,  so  redistributing 
the  temperature,  and  placing  the  looser  surface 
particles  where  they  will  soon  become  solid  with 
the  rest.  The  square  nearest  to  d d should  first  be  taken,  and  the  rest 
in  order,  so  that  the  whey  may  be  nearly  or  quite  run  off  by  the  time 


Fig.  106. 
Curd  Shovel. 


Fig.  107.— Piling  the  Curd. 

the  lowest  are  reached.  I his,  because  the  drier  the  curd  is,  the  less  1 : 
the  danger  of  its  being  broken  in  lifting.  The  piles  should  occupy 
from  one-fourth  to  one-third  of  the  vat  length,  according  to  the 
quantity  of  curd.  The  smaller  this  is,  the  shorter  should  the  pile 
be  in  proportion  to  its  depth.  It  is  well  with  less  than  150  gallons 
to  make  one  pile  of  the  whole  ; while  with  larger  quantities  two 
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Fig.  108.— Trimming  the  Piles. 


piles  are  better,  because  they  allow  of  a readier  expulsion  of  the 
free  whey  than  would  one  of  double  the  size.  The  piles  should 
now  be  cut  as  in  Fig.  108  (a,  plan;  b,  section),  so  as  to  tiim  off 
the  rougher  and  lower  portions  at  the  sides 
and  ends,  these  being  placed  with  the  cut 
side  upward,  on  the  top.  Then  the  loose 
particles  should  be  brushed  out  of  the 
gutter  with  a whisk  of  yellow  broom  ( a , 

Fig.  109),  which  is  better  than  the  brushes 
of  hair  commonly  sold  for  the  purpose, 
because  more  easily  freed  from  curd  and 
kept  clean.  Its  worst  fault  is  that  it  is 
springy,  and  scatters  the  curd  in  the  act 
of  collecting  it  ; but  this  can  be  cured  by 
tying  the  fibres  with  string  at  a lower  point, 
as  in  b,  and  releasing  them  when  they  are 
shortened  by  wear. 

Immediately  upon  the  clearing  out  of  the 
sides  and  front  of  the  piles  they  should  be 
covered  with  strainer  cloths,  clean,  sweet, 
and  wrung  out  of  the  warm  whey  just 

before  use,  their  ends  being  tucked  under  the  lower  edges  of  the 
piles,  as  in  the  right  pile  ( b , Fig.  108).  This  will  give  them  partial 
protection,  while  any  remainders  of  loose  curd  are  being  swilled 
down  with  whey  and  brushed  out  of  the  vat,  down  the  conductor, 
and  into  the  strainer  ; from  whence  it  must  be  taken  up  and  put 
behind  or  below  the  piles,  where  it  can  be  warmed  by  contact  with 
the  mass  and  become  a part  of  it.  The  vat  should  then  be 
covered  and  the  curd  left  until  it  has  become 
solid,  with  all  the  loose  particles  properly 
incorporated.  This  will  take  from  fifteen  to 
twenty-five  minutes,  according  to  the  fer- 
mentation in  the  curd  ; and  this  again  will 
depend  in  no  small  degree  upon  the  manage- 
ment of  the  whey  removal  and  piling.  These 
must  be  done  as  quickly  as  is  possible, 
consistently  with  neatness,  and  the  avoid- 
ance of  breakage,  for  delay  ensures  propor- 
tionate loss  of  temperature  and  check  of  fermentation,  and  it 
is  not  possible  to  restore  these  conditions  to  their  proper  measure 
without  much  trouble  and  damage.  It  is  not,  for  instance,  proper 
to  turn  on  steam  or  hot  water  under  the  vat,  or  to  put  cloths 
dipped  in  boiling  water  upon  the  curd.  I hese  cannot  give  even  a 
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Fig.  109.— Curd  Whisk. 


194 


MILK,  CHEESE,  AND  BUTTER. 


nearly  uniform  temperature,  and  the  excess  of  heat  at  the  points 
nearest  to  its  source  must  seriously  check  the  ferments,  or  even 
destroy  them,  the  curd  being  also  unduly  hardened.  Neatness  is 
scarcely  less  needful  than  quickness  of  movement,  for  it  is  easy  so 
to  smash  up  and  scatter  the  curd  in  haste  as  to  greatly  prolong 
the  gathering,  and  increase  the  difficulty  of  obtaining  solidity.  Ex- 
perience with  slow  workers  and  careless  ones  makes  it  difficult  to 
say  which  evil  is  the  worse,  but  neither  is  excusable.  We  have 
known  good  curds  ruined  at  this  stage,  taking  hours  to  get  to  a 
semi -solid,  semi -crumbly  state,  and  then  sodden  and  cold,  and 
finally  giving  a slow-curing,  soapy,  and  ill-flavoured  cheese.  We 
have  also  seen  good  makers  get  the  curd  from  400  gallons  of  milk, 
cut,  piled,  and  covered,  the  vat  swept  clean,  and  the  curd  from  the 
strainer  safely  in  place,  in  from  ten  to  fifteen  minutes,  with  the 
happy  result  of  a readiness  for  the  next  process  in  a similar  time ; 
and  that  even  in  cold  weather,  when  the  mischief  which  the  air 
could  do  was  at  its  greatest.  Here  method,  and  concentration  of 
mind  and  energy,  are  all-important. 

The  management  in  a round  vat  differs  only  in  the  manner  of 
cutting  and  piling  the  curd,  which  can  best  be  done  as  in  Fig.  no, 

the  gutter  being  cut  at  a , and  drawn  to 
b b , leaving  the  portion  c at  the  highest 
point,  cutting  the  remainders  as  at  d d, 
and  using  the  portions  e e to  occupy  the 
corners  ff  of  the  pile.  The  curd  shovel 
must  be  a little  larger  in  proportion  than 
with  an  oblong  vat,  because  of  the  ir- 
regular shapes  with  which  it  has  to  deal. 
This  plan  with  a flat-bottomed  vat  is 
much  better  than  the  old  one  of  piling 
the  curd  on  the  middle  of  a convex 
bottom,  where  it  is  much  less  perfectly 

Fig.  no.— Curd  cut  for  Piling—  protected  and  more  difficult  to  reach  for 
Round  Vat.  ...  , , 

piling  and  turning. 

Curd  Ripening.— The  curd  is  still  contracting  and  getting  drier, 
but  also  still  fermenting  and  changing  from  the  slightly  harsh  and 
gritty  touch  to  a softer  one,  and  from  the  crumbly — by  way  of  the 
solid — to  a stringy  or  flaky  condition  ; this  being  the  work  of  the  C.F. 
and  rennet,  the  L.A.F.  modifying  their  action.  Less  of  this  last  than 
the  system  aims  at  securing  would  give  a rapid-curing  cheese,  with 
a proportionate  tendency  to  early  spoiling  ; more  of  it  than  is  re- 
quired, would  tend  to  hardness,  and  an  early  flavour,  but  to  relative 
loss  of  digestibility.  At  the  temperature  which  will  now  be  from 
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90°  F.  to  95°  F.,  the  ripening  will  be  so  rapid  as  to  effect  as  much 
in  an  hour  as  would  take  place  in  two  or  three  days  in  the  lower 
curing-room  temperature,  with  the  then  greatly  reduced  proportion 
of  whey.  It  is  therefore  necessary  to  watch  the  progress  of  the 
ripening  carefully,  and  manage  consistently  all  the  remaining  pro- 
cesses. The  temperature  can  be  taken  by  cutting  the  curd  and 
closing  between  it  the  plate  and  tube  of  a thermometer  removed 
from  the  case  ; and  if  it  is  in  danger  of  falling  below  the  safe  limit, 
more  protection  should  be  given.  This  however  will  seldom  happen  if 
the  scalding  temperature  was  rightly  fixed,  and  the  management  suit- 
able to  that  of  the  air,  for  the  fermentation  assists  in  maintaining  heat. 

The  tendency  to  sink  soon  reduces  the  depth  of  the  piles,  and 
fills  up  the  gutter.  The  whey  also  sinks  in  the  curd ; and  the 
uniformity  being  affected  by  variations  in  the  proportion  of  moisture, 

' V 


Plan*  Section.  Section  piled. 

Fig.  hi. — Curd  Cut,  Turned,  and  Piled. 


temperature,  and  fermentation,  a redistribution  is  necessary.  This 
is  brought  about  by  a turning  of  the  curd,  which,  in  all  but  small 
quantities,  must  be  cut  for  the  purpose  into  two  or  more  sections. 
This  is  done  as  soon  as  the  curd  has  attained  the  desired  solidity, 
and  even  before,  if  by  any  means  some  part  of  it  has  failed  to 
pack  properly.  This  latter  case  however  can  only  arise  by  error,  and 
the  turning  is  not  a satisfactory  compensation  for  neglect.  The 
cutting,  where  necessary,  should  not  be  exactly  in  halves  or  quarters, 
because  in  the  re-piling  it  will  be  difficult  to  keep  them  in  good  form, 
for  the  piles— being  both  elastic  and  top-heavy — are  liable  to  fall.  In 
Fig.  in  it  will  be  seen  that  the  part  a is  larger  than  part  b,  and 
therefore  when  a is  turned  b may  also  be  turned  and  piled  upon  it,  as 
in  the  third  diagram.  Here  the  curd  will  generally  remain  without 
further  handling  until  its  ripeness  is  reached. 

It  may  now  be  tested  by  litmus  to  ascertain  how  near  it  is  to 
that  point,  and  the  management  determined  accordingly.  If  for 
instance  the  pde  has  been  covered  by  two  thicknesses  of  cheese- 
cloth besides  the  protection  of  the  vat  cover,  and  the  curd  has 
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only  reached  the  stage  of  fermentation  indicated  by  G in  the 
Colour-plate,  these  cloths  may  be  replaced  ; if  the  stage  I has 
been  reached,  one  of  them  may  be  discarded  ; if  a further  stage 
has  been  reached  between  I and  J,  the  vat  cover  may  be  opened  ; 
while  if  actually  ripe,  the  litmus  showing  the  colour  of  J,  all 
covering  may  be  laid  aside,  and  the  curd  left  only  a few  minutes  in 
pile  to  ensure  redistribution  of  the  conditions.  No  time-rule  is  of  any 
real  service,  and  to  ensure  safety  the  work  must  be  governed  entirely 
by  test  and  judgment.  A slit  should  be  cut  in  the  curd  where  it  will 
be  on  the  under  side  in  re-piling,  the  litmus  paper  placed  between 
it,  and  the  curd  closed  upon  it  for  a moment.  In  an  ordinary  curd, 
some  time  equal  to  or  longer  than  that  so  far  passed  in  pile,  will  be 
required  to  procure  the  ripeness  ; but  the  dairyer  should  train  his 
judgment  to  estimate  the  probable  time  (erring  on  the  safe  side)  at 
which  his  final  test  will  prove  the  condition  to  be  suitable  to  his  next 
action.  If  the  time  is  more  than  one-third  longer  than  that  first 
period,  then  the  curd  should  be  cut,  turned,  and  piled  again,  in  order 
to  uniformity.  Some  makers,  after  the  first  cutting,  re-pile  the  curd 
on  a wooden  rack  (Fig.  112),  supposing  it  to  be  better  than  keeping  on 


the  vat  bottom.  Experience  does  not  lead  us  to  endorse  that  view. 
It  is  not,  however,  an  essential  point.  If  the  rack  is  used,  it  should  be 
covered  before  the  curd  is  put  on  it,  so  that  the  under  side  may  be  as 
well  protected  as  the  upper  surface. 

The  airing , drying , and  cooling  of  the  curd  should  now  follow 
without  an  undue  check  to  the  fermentation,  and  with  maintained  care 
to  keep  the  conditions  evenly  distributed.  This  is  done  by  exposing  it 
to  the  air,  at  first  in  large  sections,  and  later  in  smaller  ones,  dividing 
it  at  intervals.  By  this  course  the  temperature  is  slowly  reduced, 
and  ripening  makes  a little  more  progress,  in  the  meantime  ; the  stage 
of  curd  ripeness  being  only  a milestone  on  the  road,  and  by  no  means 
a stopping-place.  But  the  progress  of  fermentation  becomes  steadily 
slower  as  the  ferments  are  affected  by  the  changed  conditions,  all  of 
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which  are  calculated  to  check  their  activity  and  increase.  If  this 
exposure  takes  place  before  the  curd  is  ripe,  or  if  it  is  delayed  after 
that  point,  the  effects  are  as  with  originally  under-ripe  or  over-ripe 
milk  respectively,  though  with  a greater  proportionate  C.F.  influence. 

The  curd  of  100  gallons  of  milk  may  be  simply  turned  over  without 
cutting,  that  of  1 50  gallons  cut  into  two  equal  parts,  that  of  300  gallons 
into  four  parts,  and  so  forth  ; being  turned  over  in  any  case.  This 
may  be  done  in  the  vat,  or  in  a separate  vessel  called  a “ cooler.” 
This  latter  is  a shallow  wooden  tub,  as  in  Fig.  1 1 3,  and  the  work 
is  finished  in  it.  The  vat  being  set  free,  may  be  cleansed  ; but  while 
this  is  done  earlier  than  would  otherwise  be  possible,  the  cooler  must 
be  cleansed  as  late  as  the  vat  would  have  been.  The  only  real  benefits 
are  that  the  vat  is  by  so  much  less  exposed  to  the  action  of  the  acid 
whey  ; and  that  if  the  work  should  happen  to  be  late,  the  vat  can  be 
ready  for  the  night’s  milk.  We  have  never  found  it  necessary,  though 
its  convenience  in  some  instances  cannot  be  doubted.  Its  economy  in 


saving  the  vat  is  set  off  by  its  own  cost,  and  the  labour  of  keeping  it 
clean  and  sweet. 

Where  the  cooler  is  not  used,  the  curd — having  been  turned  once 
in  the  vat  after  exposure  is  cut  in  halves  of  the  original  sections,  and 
removed  to  the  cover  (Fig.  82),  where  it  is  torn  into  halves  again,  and 
finally  into  pieces  of  about  four  inches  square  by  two  or  three  inches  in 
thickness,  and  as  uniformly  as  possible  in  all  the  divisions.  At  each 
cutting  or  tearing  the  curd  should  be  turned  over  from  its  previous 

position,  and  yet  again  at  a half-way  point  between  this  and  the  next 
division. 

The  time  at  which  any  division  ought  to  take  place  may  be  known 
by  the  drying  and  slight  yellowing  of  the  surfaces  in  contact  with  the 
air.  This  coloration,  which  increases  with  time,  is  due  to  oxidation. 
Some  of  the  benefits  now  gained  by  the  curd  are  due  to  the  O of  the 
air;  it  loses  some  of  the  products  of  fermentation,  and  improves  in 
flavour ; but  the  oxidation  of  the  casein  and  fats  is  a source  of  waste,  and 
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must  not  be  suffered  beyond  what  is  necessary  to  the  other  advantages. 
The  temperature  must  not  be  allowed  to  fall  below  70°  F.,  for  instance, 
in  cold  weather,  before  the  proper  dryness  be  secured  ; and  the  dairyer 
must  calculate  the  relative  probabilities  of  the  drying,  airing,  and 
cooling,  as  he  would  those  of  ripeness,  heat,  and  rennet  in  coagulation, 
&c.  The  effects,  and  the  time  required  to  produce  them,  will  depend 
on  the  temperature  and  dryness  of  the  air,  and  its  rate  of  motion  over 
and  around  the  curd.  We  have  seen  that  air  can  carry'  a certain 
amount  of  moisture ; and  if  it  has  not  already  as  much  as  it  can  carry, 
it  will  take  up  more  from  any  body  of  water  or  damp  suifface.  A dry 
air  will  therefore  dry  curd  more  quickly  than  a somewhat  moister  one, 
but  the  latter,  if  passing  rapidly  over  it,  may  dry  it  as  much  or  more 
than  the  former  would  if  still. 

Here  the  thermometer  and  hygrometer  must  be  consulted;  and  the 
temperature  and  humidity  being  known,  it  is  easy  to  determine  on  a 
suitable  management.  If,  for  instance,  the  air  is  cold  and  moist,  the 
cooling  will  proceed  faster  than  the  drying  ; and  while  a rapid  passage 
of  air  would  effect  the  drying,  it  would  unduly  reduce  the  heat  and 
check  the  fermentation.  This,  however,  may  be  allowed  for  in  turning 
the  curd,  by  leaving  it  in  somewhat  larger  pieces,  say  an  inch  thicker 
and  longer  each  way.  Similarly,  if  the  air  is  warm  and  dry,  the  cooling 
will  be  the  more  difficult  work,  though,  as  evaporation  will  be  more 
rapid,  it  will  be  helped  by  that  influence.  In  such  case  the  curd  should 
be  torn  into  smaller  pieces,  so  that  it  may  be  more  quickly  cooled. 
But  in  neither  case  would  the  provision  be  complete  for  success  ; the 
passage  of  air  must  also  be  regulated,  a rapid  draught  being  sought  in 
the  former  instance,  a quieter  air  in  the  latter, — the  one  carrying  off  the 
moisture  still  exuding  from  the  curd,  more  quickly  in  proportion  to  the 
cooling,  and  the  other  leaving  more  moisture  in  proportion  to  the 
reduction  of  temperature.  The  air-temperature  will,  of  course,  affect 
that  of  the  curd  more  when  in  rapid  motion  than  when  still,  but  the  size 
of  the  curd  makes  the  balancing  factor  in  the  reckoning.  Without 
pursuing  the  various  probabilities  of  the  case  through  all  their  windings 
(these  the  reader  can  reason  out  for  himself  on  similar  lines  to  the 
above),  we  may  offer  directions  for  certain  combinations  of  conditions 
as  a foundation  for  general  guidance  : — 


Air. 


Curd. 

Small. 


Air. 


Warm,  Dry. 


Cold,  Dry. 
,,  Moist. 


,,  Moist. 
Moderate,  Dry. 


Moist. 


Ordinary. 


Larger. 


Quick  Motion. 
Rapid  ,, 

Moderate  ,, 

More  rapid  ,, 

Quiet  ,, 

Rapid  , , 
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It  must  now  be  shown  how  these  directions  may  be  carried  out.  Up 
to  this  time  the  dairy  has  been  kept  at  as  uniform  and  suitable  a 
temperature  as  possible,  and  the  doors  and  windows  closed.  By 
opening  these,  so  as  to  secure  a draught,  the  necessary  drying  and 
cooling  can  generally  be  obtained  ; but  the  value  of  the  draught  will 
depend  on  the  direction  of  the  wind,  the  rapidity  of  its  motion,  and  its 
temperature  ; and  the  dairyer  must  be  prepared  to  judge  of  these  as 
they  occur,  with  constant  variations.  Regulation  is  easy  with  sash 
windows  and  louvre  ventilators  (Fig.  60)  in  the  walls  above  them.  A 
quiet  draught  may  be  secured  by  opening  the  latter;  a more  rapid  one, 
with  moderate  cooling,  by  opening  the  window  a little  from  above  ; a 
still  more  effective  draught  by  opening  this  from  below  and  causing 
the  air  to  pass  in  its  most  concentrated  form  over  the  curd.  The  chief 
difficulty  is  with  the  regulation  of  its  rate  of  passage.  This  is  often 
sufficient  even  in  warm  days,  and  if  it  is  so  it  can  be  controlled  to 
meet  our  needs.  But  when  the  outer  air  is  still,  and  the  difference 
between  its  temperature  and  that  of  the  inner  air  is  not  sufficient  to 
induce  a draught,  as  is  often  the  case,  then  some  aid  is  necessary. 
From  experience  we  estimate  the  proportion  of  such  occasions  as 
averaging  seven  per  cent,  of  the  days  of  the  cheese-making  season, 
and  at  such  times  the  want  of  an  effective  draught  makes  it  necessary 
to  choose  between  putting  up  the  curd  in  too  damp  a state  or  allowing 
it  to  get  too  cool  or  too  ripe  before  it  reaches  the  proper  dryness. 
This  difficulty  may  be  overcome  by  employ- 
ing an  exhaust  fan  (Fig.  1 1 4).  The  internal 
air  is  caught  by  the  blades  a a , and  driven 
outwards  at  a rate  which  depends  on  their 
size  and  speed.  A fan  having  a delivery 
surface  of  one  square  foot,  and  driven  at  1000 
revolutions  per  minute,  would  remove  the  air 
contents  of  the  making-room  (C,  Fig.  32), 
about  2000  cubic  feet,  in  two  minutes.  A 
pulley  ( b ) of  2j  inches  in  diameter,  connected 
by  a belt  with  a second  pulley  of  30  inches 
diameter,  and  this  latter  driven  at  50  revolu- 
tions per  minute,  would  meet  the  utmost  demands.  Lesser  results 
could  be  obtained  by  lower  speeds  of  a hand  pulley,  suitable  to  a 
farm  daily,  while  in  a factory  a differential  pulley  with  several 
diameters  would  allow  of  the  fan  being  driven  from  either,  with 
corresponding  variations  of  speed.  A few  minutes  of  driving  after 
each  turning  of  the  curd  would  effect  all  that  could  be  desired  ; 
in  the  factory,  with  its  motor  running  throughout  the  time,  the 
turning  would  be  well-nigh  continuous,  and  much  time  would  be 


Fig.  114. — Exhaust  Fan. 
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saved.  It  might  well  be  a part  of  every  factory  outfit,  if  only  for 
economy’s  sake. 

This  is  a time  when  wholesome  surroundings  are  more  than 
usually  important,  for  unfriendly  ferments  and  bad  air  will  affect  curd 
injuriously.  The  chances  of  doing  immediate  mischief  are  less  than 
with  milk,  partly  because  of  the  solid  state  of  the  curd,  and  partly 
because  of  the  start  which  the  friendly  ferments  have  obtained  ; but 
as  these  are  preparing  the  conditions  favourable  to  others,  it  is  only 
a case  of  time  for  the  possible  effects  of  their  presence  to  follow. 
The  danger  is  not  past  at  coagulation  ; and  with  the  free  passage 
of  air  from  without,  it  is  greater  than  under  the  protection  of  closed 
doors  and  windows  and  a nearly  still  atmosphere. 

So  far  the  drying  has  had  most  consideration,  but  the  temperature 
must  not  be  forgotten.  It  must  not  fall  below  a safe  point,  and  this 
will  depend  on  that  of  the  air.  There  will  be  still  later  exposure  to 
that  influence,  and  under  conditions  which  will  make  cooling  more 
rapid  if  the  air  is  colder  than  the  curd.  It  is  easy  to  reduce  the  heat 
of  the  latter,  if  necessary.  It  is  practically  impossible  to  replace 
it  if  too  low,  as  will  be  presently  seen  ; therefore  care  must  be  taken 
to  err,  if  at  all,  on  the  safe  side.  The  curd  temperature  must  not 
be  allowed  to  fall  so  low  at  this  point  as  to  endanger  its  being  too  cold 
at  the  end  of  the  making.  The  colder  the  air,  the  wanner  should  be 
the  curd  to  bear  the  remaining  exposure. 

The  safe  limits  are  given  below  : — 


Air. 

Curd. 

65°  F. 

70°  F. 

6o°  F. 

74°  F. 

55°  F. 

78°  F. 

The  temperature  can  be  taken  by  wrapping  a thermometer  closely 
between  the  two  parts  of  a split  lump  of  curd  for  a couple  of  minutes. 
Daily  observation  will  soon  teach  how  to  determine  the  size  of  the 
curd  to  meet  the  needs  of  temperature  and  drying  at  the  same  time. 
If  it  be  too  rapidly  cooled,  the  difference  between  the  outer  and  inner 
parts  will  interfere  with  the  uniformity  of  fermentation. 

By  the  time  dryness  is  reached  with  a proper  temperature,  the 
fermentation  will  have  wrought  further  changes.  The  curd  will  be 
flaky,  and  capable  of  being  stripped  into  thin  sheets  of  a few  inches 
in  length.  There  are,  however,  stages  of  this  flakiness  beyond  the 
safe  point  ; the  sheets  may  be  too  thin,  draw  out  too  long,  and  be 
slimy  and  porous,  in  proportion  to  the  excess  of  ferment  action.  The 
litmus  test  should  not  ordinarily  give  a higher  indication  than  L in  the 
Colour-plate,  but  if  with  that  evidence  of  L.A.F.  action  the  curd  is 
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not  flaky,  it  should  be  kept  until  it  is.  Variations  in  the  relative 
influence  of  the  L.A.F.  and  C.F.  may  at  any  time  make  this  neces- 
sary. The  rennet  is,  of  course,  in  regular  proportion,  and  will  not 
affect  the  question. 

Some  makers  gather  the  curd  at  the  first  cutting  into  a strainer 
cloth,  and  tie  it  up  tightly  within  a thick  outer  cloth  (bagging), 
placing  upon  it  a board  or  shallow  milk  pan  reversed,  with  weights 
from  28  lbs.  at  the  beginning  to  56  lbs.,  or  in  some  cases  even  112 
lbs.,  by  the  end  of  the  ripening,  which  should  be  carried  to  the 
point  at  which  the  curd  is  finally  torn  abroad  by  the  other  method. 
In  such  cases  it  is  once  cut  or  torn  into  small  pieces  during  that 
time,  and  replaced  under  weight,  and  again  torn  abroad  and  dried 
and  aired  immediately  on  ripeness  being  reached,  which  is  a little 
earlier  than  in  the  other  case  because  of  the  temperature  being 
maintained  at  a higher  point.  This,  however,  makes  a longer  cool- 
ing necessary  afterwards,  and  gives  no  real  advantage  either  in 
economy,  or  in  a better  cheese.  If,  however,  the  temperature  is 
reduced  gradually,  there  is  nothing  in  the  practice  inconsistent  with 
Cheddar  aims. 

Preservative  Treatment. — The  proper  state  in  these  respects 
having  been  secured,  the  curd  must  be  subjected  to  this  treatment. 
For  this  purpose  it  must  be  reduced  to  small  fragments,  and  the 
salt  mixed  with  it.  The  curd  is  too  dry  for  salting  from  the  out- 
side, and  the  Cheddar  system  demands  a uniformity  which  is  not 
possible  with  such  a practice.  With  small  quantities  “ crimming  ” 
may  be  followed,  but  it  is  rarely  a true  economy.  A curd  mill  will 
save  its  cost  in  time  in  a single  season  in  most  dairies.  The  kind 
is  determined  by  the  system. 

The  Cheddar  curd  is  comparatively  dry,  and,  in  order  to  a perfect 
texture  and  solidity,  should  be  torn  into 
ragged  pieces  which  will  readily  join 
together.  A wetter  curd  would  lose 
minute  particles  in  the  whey  pressed 
out  by  grinding.  It  is  a complaint  that 
the  mills  of  the  past  cause  this  loss  with 
modern  curds  ; but  such  cannot  possibly 
arise  with  a proper  Cheddar  curd,  and  if 
any  white  whey  is  seen  with  the  grinding 
by  any  mill  at  present  known  to  the 
trade,  it  must  be  due  to  departure  from  the  system,  or  careless 
management.  The  best  form  of  mill  is  that  which  neither  cuts 
nor  grinds  (in  the  strict  sense),  but  tears  the  curd  asunder  ; and  such 
an  one  is  shown  in  section  in  T ig.  1 1 5>  the  two  cylinders  <1  a being 
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of  wood  or  metal,  and  carrying  teeth  which,  turning  towards  each 
other  (see  arrows),  catch  the  lumps  of  curd,  tear  it  apart,  and  draw  it 
through  racks  (b  b)  of  similar  teeth  before  discharging  it.  Mills  are  often 
sold  on  iron  stands,  with  tubs  to  receive  the  ground  curd,  but  it  is 
difficult  to  prevent  waste  with  this  plan.  A much  better  one  is  that 


shown  in  big.  1 1 6,  where  the  mill  is  fixed  to  a wooden  frame  laid 
across  the  vat  or  cooler,  and  secured  by  a pin  as  in  Fig.  1 17.  The  appli- 
cation of  power  is  suitable  to  factory  use,  and  pulleys  (22,  Fig.  62)  are 


filled,  but  the  single  pieces  fed  to  the  cylinders  as  fast  as  they  can 
carry  them  through  ; for  in  a congested  state  of  the  mill  the  curd  is  so 
crushed  as  to  set  free  some  of  its  fat  to  be  lost  in  pressing,  and  no  time 
is  saved,  as  some  makers  seem  to  imagine.  Nor  should  it  be  allowed 
to  accumulate  under  the  mill,  for  in  the  middle  of  the  pile  the  fermen- 
tation proceeds  more  rapidly  than  at  its  outsides,  as  can  be  judged  by 
the  higher  temperature.  When  the  curd  is  really  ready  for  grinding 
it  needs  no  further  ripening  under  the  early  conditions,  but  rather  a 
continuation  of  the  checking  ; and,  under  any  circumstances,  the  fer- 
mentation in  progress  should  be  made  as  uniform  as  possible,  by  dis- 
tributing the  curd  evenly  over  the  vat  or  cooler,  and  breaking  up  any 
lumps  which  may  form.  The  fragments  should  now  be  about  a quarter 


Fig.  116.— Curd  Mill  over  Oblong  Vat. 


Fig.  117. — Curd  Mill  Fastening. 


provided  for  grinding  the  curd  of 
each  vat  over  itself,  shifting  the 
mill  and  belt,  and  leaving  each  lot 
free  for  salting.  The  vat  should 
be  raised  to  its  level  and  securely 
wedged,  and  the  belt  should  be 
provided  with  a buckle  to  allow  of 
tightening  when  needful.  To  en- 
sure the  quickest  and  most  uniform 
grinding,  the  hopper  should  not  be 
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of  an  inch  through,  and  if  any  larger  ones  are  seen  they  should  be 
passed  through  the  mill  a second  time.  The  best  of  mills  will  some- 
times pass  such,  and  the  trouble  of  fresh  grinding  is  well  taken,  for 
only  by  an  equal  size  can  there  be  uniform  salting.  If  the  curd  has 
any  ill  odour,  it  should  be  well  aired  before  salting  by  shaking  it  abroad 
with  a scoop  from  a foot  or  two  above  the  bottom  of  the  vat  or  cooler. 
Generally  there  will  be  evidence  enough  of  this  at  eailiei  stages  to 
save  from  too  long  an  exposure  at  this  point.  No  othei  tieatment  is 
so  beneficial  in  such  cases  ; but  all  pains  must  be  taken  to  avoid  loss 
of  temperature,  by  grinding  and  airing  earlier  when  the  odour  is  dis- 
covered. This  refers  only  to  the  non-putrefactive  taints  and  the 
earliest  degrees  of  the  putrefactive  forms. 

The  correct  proportion  of  salt  is  1 lb.  to  56  gallons  or  575  lbs.  of 
milk  used.  The  old  method  of  weighing  or  guessing  at  the  curd  has 
already  been  discussed,  and  the  reasons  for  the  present  course  need 
not  be  repeated.  Convenient  as  round  figures  would  be,  we  cannot 
improve  on  the  proportion  nor  express  it  in  better  form  for  calculation. 
All  experience  with  such  curds  as  we  have  here  in  mind  confirms  the 
wisdom  of  the  fathers  of  the  system.  If  the  curd  holds  more  whey 
than  usual  a proportionate  incf^ase  of  salt  will  be  needed,  or  it  must 
be  kept  after  salting  until  it  attains  the  proper  dryness.  If  this  latter 
course  involves  more  than  a few  minutes’  exposure  to  the  air,  and 
especially  if  that  air  is  cold,  it  will  be  preferable  to  choose  the  former, 
making  the  loss  according  to  the  judgment,  for  it  is  impossible  to 
describe  degrees  of  wetness  in  a form  suitable  to  our  need. 

The  salt  should  be  clean,  dry,  crushed  free  from  lumps,  and 
weighed  correctly.  Measuring  is  not  safe  ; the  quantity  which  a vessel 
will  hold  depends  on  the  pressure  exercised  in  filling  it.  If  bought  in 
solid  form,  great  care  will  be  needed  to  avoid  pan-scale  ; and  this  can 
be  best  done  by  rubbing  two  lumps  gently  together,  and  frequently 
examining  the  surfaces,  when  any  harder  portion  which  produces 
scratches  upon  them  should  be  removed  by  a knife.  Uniform  distri- 
bution is  important,  carried  as  far  as  it  may  be  in  the  scattering  of  the 
salt  on  the  surface,  and  afterwards  by  mixing  it  thoroughly.  There  is 
no  better  way  than  by  drawing  the  hands,  backs  downward  and  finger- 
tips touching,  under  as  much  curd  as  can  pass  between  them,  and 
turning  it  over,  so  making  a series  of  ridges,  and  turning  these  a 
second  time  before  piling  the  whole  at  one  end  of  the  vat  or  cooler  for 
the  next  process. 

Moulding  and  Pressing.  — The  cheeses  are  formed  out  of  the 
ground  curd  by  being  pressed  in  moulds  or  hoops.  This  not  only 
brings  the  curd  together  in  a solid  body,  but  also  gives  it  such  protec- 
tion that  there  is  very  little  loss  of  heat  as  long  as  the  pressing  con- 
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tinues.  It  is  therefore  important  that  it  should  not  go  to  press  until  it 
has  reached  a temperature  at  which  fat  will  not  be  lost  nor  fermenta- 
tion unduly  encouraged.  We  have  seen  cheeses  which  originally 
showed  no  signs  of  taint  actually  swell  under  the  action  of  fermentative 
gases  formed  while  in  press,  and  invariably  with  more  or  less  of  ill 
flavour,  the  result  of  neglect  of  this  point.  The  proper  temperature 
depends  entirely  on  that  of  the  air.  When  the  latter  is  6o°  F.,  the 
curd  can  be  reduced  by  the  end  of  salting  to  within  two  or  three 
degrees  of  that  same  by  proper  management ; if  the  air  is  lower  than 
that,  the  curd  must  be  sent  to  press  a little  warmer,  as  see  following 
table  : — - 


Air. 

Curd. 

6o°  F. 

62°  F. 

55°  F. 

64°  F. 

50°  F. 

66°  F. 

In  summer  the  air  will  be  often  too  warm  to  allow  the  curd  to  be 
cooled  sufficiently — as  exposed  in  a thin  body  to  the  air — without  too 
much  drying,  and  consequent  difficulty  in  getting  it  to  cohere  and 
form  a solid  cheese  of  good  texture.  Carried  not  very  far  beyond  the 
correct  stage,  the  result  would  be  a crumbly  article,  very  wasteful  in 
the  hands  of  tradesman  and  consumer.  In  such  cases  it  is  best  to  put 
it  into  the  moulds  immediately  after  salting,  and  place  it,  with  no  other 
covering  beyond  the  cheese-cloth,  on  the  presses  or  bandaging-table, 
until  the  cooler  night  air  reduces  its  temperature  to  the  limit  of  safety. 
This  plan  also  sets  the  making-room  free  for  cleansing. 

Size  and  Shape. — The  moulding  of  the  curd  brings  up  the  questions 
of  size  and  shape.  From  the  early  days  of  the  system  a large  size  of 
cheese  has  been  so  much  associated  with  it  as  to  have  created  a general 
impression  that  it  was  a necessity.  The  trade,  as  usual,  encouraged  a 
mere  notion  ; and  all  the  makers,  up  to  quite  recent  times,  have  made, 
and  many  are  even  yet  making,  large  cheeses  to  meet  the  demand, 
these  ranging  from  So  to  120  lbs.  each  in  weight.  It  is  fair,  however, 
to  admit  that  as  an  ordinary  cured  Cheddar  is  comparatively  dry,  it 
will  retain  its  remainder  of  moisture  better  in  large  goods  than  in 
smaller  ones ; and  it  is  cjuite  likely  that  such  attempts  to  make  the 
latter  without  allowing  for  the  greater  loss  of  moisture  natural  to  them, 
has  had  something  to  do  with  the  prejudice  against  them.  But  it  must 
be  said,  on  the  other  hand,  that  Cheddar  makers  have  time  out  of  mind 
produced  what  are  called  “loaf”  or  “truckle”  cheeses  of  10  lbs.  to  14 
lbs.  each,  and  of  fine  quality,  and  this  should  have  sufficed  to  prove  that 
there  is  nothing  to  hinder  success  in  that  direction.  It  may  therefore 
be  said  that  any  cheese  made  according  to  the  system  is  rightly  called 
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by  its  name  whatever  the  size  or  form  may  be.  I his  does  not  aigue 
that  these  items  are  unimportant  ; they  must  be  taken  into  account  in 
determining  the  management,  for  the  condition  of  the  curd  when 


Fig.  i 18. —Cheese  Hooi-s. 


dropped  from  the  scalding  must  depend — in  hardness  and  consequent 
dryness — upon  them. 

The  general  Cheddar  shape,  whether  of  full-sized  goods  or  loaves, 
is  cylindrical,  with  the  diameter  and  depth 
about  equal.  There  are  sound  objections  to 
cheeses  over  80  lbs.  in  weight,  in  the  un- 
necessary labour  in  handling  them,  and  the 
risk  of  breakage  and  loss  incurred  by  it,  all 
these  increasing  with  increase  of  bulk.  As 
long  as  the  trade  will  give  more  for  the 
largest  goods  than  for  lesser  ones,  makers 
will  be  willing  to  face  the  consequences  ; but 
there  is  a noticeable  tendency  to  reduction, 
which  has  not  reached  its  limit  as  yet. 

The  moulds  are  commonly  called  “ vats  ” 

(a  misnomer,  for  a vat  is  properly  a vessel 
for  liquids),  and  sometimes  “ hoops which 
term  we  shall  use  to  avoid  confusion  with  the 
fungoid  moulds  of  the  curing-room.  These 
were  formerly  made  by  coopers,  of  heavy 
wood,  and  many  such  are  still  in  use,  and 
likely  to  bend  the  backs  of  a few  more 
generations.  To  facilitate  the  removal  of 
the  cheeses,  a screw  opening  arrangement 
was  introduced  in  the  fifties,  and  this  made 
them  more  tolerable.  Better  in  every  way 
are  those  made  of  tinned  steel  (Fig.  118), 
with  a diameter  of  one-eighth  to  one-fourth  inch  greater  at  the  open 
end  than  at  Che  other,  to  allow  the  cheeses  to  slip  out  easily.  They 


Fig.  119. 

Douhle  Hoop,  Filler, 
Girth,  and  Follower. 


20  6 


MILK,  CHEESE,  AND  BUTTER. 


should  be  strengthened  with  bands,  especially  at  the  open  end,  where 
a flat  galvanised  iron  band  is  much  better  than  the  usual  round  hoop. 
The  bottom  should  consist  of  two  parts,  one  fixed  as  shown  at  b (hoop 
reversed),  with  an  open  circle,  the  other  (c)  a perforated  disc,  exactly 
fitting  above  it  when  in  use.  This  allows  of  a more  perfect  edge  to 
the  cheese,  and  an  easier  discharge  for  any  whey  pressed  out;  and  is  a 
convenience  in  emptying,  the  hand  being  pressed  upon  the  bottom  to 
start  the  cheese  when  needed.  It  should  be  deep  enough  to  take  the 
quantity  of  curd  required,  with  no  more  than  an  inch  of  piling  above 
the  edge,  so  avoiding  waste  and  crooked  pressing. 

Another  form  is  shown  in  Fig.  119,  the  “double”  hoop  so  called 
because  it  gives  the  cheese  the  form  of  the  Double  Gloucester,  here- 
after described.  The  products  of  the  present  system  when  moulded 

in  it,  are  known  to  the  trade  as  “ Cheddar 
Doubles.”  The  hoop  a,  of  wood,  is  usually 
cooper  made,  and  provided  with  a filler  b, 
which  fits  on  the  open  end  with  a metal 
rim  to  keep  it  in  place.  This  enables  the 
curd  to  be  piled  so  high  as  to  require 
a girth  c to  surround  it,  while  this  in 
turn  allows  each  hoop  to  serve  as  a 
follower  for  the  one  next  below  it,  so  that 
several  may  be  piled  within  one  vertical 
press,  the  follower  d for  the  uppermost 
cheese  being  a plain  disc  of  wood  of  an  inch  or  two  larger  diameter 
than  the  girth  in  place.  The  cloth  is  drawn  tightly  over  the  curd 

before  the  filler  is  removed,  and  the 
girth  then  quickly  passed  around  it, 
being  held  as  in  Fig.  120. 

A scale,  Fig.  12 1,  with  a large 
scoop  capable  of  weighing  at  least 
half  the  curd  for  a cheese  at  one 
time  (and  serving  also  for  weighing 
salt),  will  enable  the  dairyer  to 
secure  uniformity  in  the  depth  of 
his  cheeses,  a point  of  some  im- 
portance in  the  eyes  of  the  trade. 
With  any  increase  of  moisture,  a 
proportionate  allowance  in  weight 
must  be  made  to  allow  for  after-loss. 
The  knowledge  of  the  total  make  of  curd  for  comparison  with  the 
quantity  and  quality  of  milk,  and  the  cheese  as  pressed,  and  as 
cured,  is  desirable,  and  furnished  by  the  same  means.  Care  must 


Fig.  120. 

Girthing  Double  Cheese. 


Fig.  121.— Salt  and  Curd  Scale. 


TIIE  CHEDDAR  SYSTEM  IN  PRACTICE. 


207 


be  taken  to  avoid  scattering  curd  or  salt  on  any  part  of  the  scale  save 
the  inside  of  the  scoop,  or  it  will  soon  be  spoiled. 

With  the  hoop  shown  (Fig.  118)  a strainer-cloth  is  used 
large  enough  to  hang  inside  it  and  fold  conveniently,  with  maigin 
enough  to  cover  the  curd.  This  put  in  place,  the  curd  should 
be  well  and  evenly  pressed  in  with  the  hand,  and  the  free 
ends  drawn  over  and  tucked  in.  Over  all  conies  a “ follower,’  or 
disc  of  tinned  steel,  another  of  wood  (Fig.  122)  called  a “cross- 
follower,” and  the  cheese  is  ready  for  pressing.  This 
method  is  simple,  and  the  best  with  ordinary  presses, 
its  only  objectionable  point  being  that  it  makes  a second 
clothing  necessary,  and  gives  much  washing  work,  the 
first  day’s  cloths  speedily  becoming  clogged  with  the 

curd.  If  allowed  to  get  foul,  they  affect  the  flavour  F'c-  Wooden 
_ , ....  Cross-Follower. 

of  the  cheese  similarly  to  some  extent. 

Pressure  is  more  necessary  to  the  Cheddar  system  than  to  some 
others,  because  of  the  dryness  of  the  curd  ; indeed  it  may  be  taken  as 
a general  rule  that  the  wetter  the  product  the  easier  will  it  “ go 
together,”  as  the  old  makers  say.  This  rule  must  be  taken  with  sundry 
limitations,  but  it  is  correct  as  to  fact,  and  will  be  understood  when  we 
remember  that  the  larger  the  remainder  of  whey,  the  greater  will  be 
the  rapidity  and  extent  of  fermentation,  and  its  results  of  curd  ripeness 
and  viscosity.  Hence  some  systems  do  not  need  pressure  at  all.  The 
amount  of  it  suitable  to  the  Cheddar  system  is  regulated  by  the  size 
and  age  of  the  cheese,  for  the  variations  in  condition  with  well-made 
goods  are  insufficient  to  justify  any  difference  in  management.  The 
larger  the  cheese  the  more  pressure  it  needs,  because  it  offers  a greater 
resistance  of  elasticity  to  the  action.  In  this  respect  it  is  like  india- 
rubber,  though  possessing  a much  lower  degree  of  the  quality  ; capable 
of  compression,  but  resisting  as  most  substances  do  not  until  brought 
to  their  final  possibilities  of  solidity.  The  contraction  observed  all 
through  is  due  to  the  same  cause,— the  physical  character  of  the 
coagulated  casein.  As  to  age,  for  the  first  hour  it  needs  only  a pressure 
sufficient  to  cause  a dripping  of  the  remaining  free  whey,  which  it  is 
the  business  of  this  process  to  expel,  and  as  this  will  be  also  in 
proportion  to  the  size  of  the  cheese  it  is  a safe  guide  ; but  after  that 
point  it  will  need  a greater  weight— that  which  is  effectual  on  the  first 
day  being  too  little  to  cause  any  appreciable  further  compression  on 
the  second  day,  for  the  resistance  naturally  increases  with  the  solidity. 
However  well  made  a curd  may  be,  only  by  judicious  and  sufficient 
pressure  can  it  gain  a perfect  texture  and  preserve  its  shape.  Excess 
does  mischief,  especially  at  the  outset,  when  it  brings  together  the 
outer  part  too  quickly,  enclosing  the  air  and  free  whey  of  the  inner 
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part,  and  making  the  latter  of  a loose  texture,  or  full  of  “ eyes  ” (irre- 
gular rounded  cavities),  as  the  case  may  be.  This  is  more  frequently 
found  in  loaves  than  in  large  cheeses,  because  the  difference  in 
proportion  of  pressure  suitable  to  the  two  cases  is  not  rightly  calculated, 
the  makers  being  most  familiar  with  large  goods,  and  making  the 
small  ones  occasionally  out  of  remainders  of  curd.  Probably  four- 
fifths  of  Cheddar  loaves  are  so  made,  and  being  regarded  as  odd 
products  do  not  receive  the  consideration  they  deserve  in  these  minor 
points.  Experience  proves  that  the  desired  result  can  be  obtained  in 
less  time  than  is  generally  supposed.  When  efficient  presses  are 
properly  used,  the  cheese  may  be  put  into  press  on  one  day,  the  weight 
increased  the  next  morning,  and  again  the  evening  of  the  same  day, 
and  the  cheeses  should  be  ready  for  the  curing-room  on  the  following 
morning.  As  it  is,  they  remain  three  or  four  days  in  press.  With  low 
power  presses  this  is  well,  but  in  any  other  case  it  is  wasteful  of  press 
and  floor-space  and  hoops,  with  original  cost,  and  that  of  their 
cleansing.  We  may  therefore  divide  the  pressing  into  three  stages, 
and  the  weights  suitable  to  these  are  given  in  the  table  below  : — 


Cheeses. 

Stage  1. 

Stage  2. 

Stage  3. 

14  lbs.  or  less. 

2 CWt. 

5 cwt. 

10  cwt. 

28 

7 ». 

15  » 

40 

5 >> 

IO  „ 

20  „ 

60 

7 „ 

14  .. 

25  » 

So 

10  ,, 

18  ,, 

30  „ 

The  best  sources  of  pressure  are  combinations  either  of  levers 
or  springs  with  screws,  attached  to  a frame  so  constructed  as  to 
hold  the  cheeses  conveniently  in  an  upright  or  a horizontal  position 
as  may  be  desired.  A single  press  of  the  lever  type  is  shown  in 
Fig.  123,  consisting  of  a bed  «,  on  heavy  feet  b b , with  uprights  c c, 
bearing  a head  d bolted  to  them,  and  carrying  the  levers.  This 
head  is  hollowed  at  a point  midway  between  the  uprights  to  allow 
of  the  screw  e passing  freely  through  it,  and  has  projections  to 
which  the  levers  f and  g are  attached.  The  lever  f is  provided 
with  a series  of  holes,  with  a pin  h which  can  be  placed  in  either 
of  them,  and  upon  which  the  lever  g rests,  while  the  latter  carries 
at  its  free  end  a grooved  pulley  i,  over  which  a chain  k runs,  carry- 
ing a set  of  weights  /,  so  made  as  to  allow  of  being  easily  put  on 
and  off.  By  shifting  the  pin  li  to  right  or  left,  the  leverage  is 
reduced  or  increased  respectively  ; and  this,  with  the  alteration  of 
the  weights,  enables  the  pressure  to  be  regulated  from  the  lowest  to 
the  highest  limits  of  the  table  above.  The  screw  is  actuated  by  a 
wheel  in  with  handles,  a plate  n resting  on  the  followers.  1 he 


THE  CHEDDAR  SYSTEM  IN  PRACTICE. 


209 


screw  being  turned  until  it  is  tight  raises  the  level  _/J  nnd  this  in 
turn  the  lever  g and  the  weights,  all  of  which  sink  again  with  the 
compression  of  the  curd  until  the  wheel  i rests  upon  the  press  head, 
when  a fresh  raising  is  needed.  At  first  the  levers  fall  quickly,  and 
need  frequent  attention  ; but  every  interval  is  longer  than  the  last, 
and  if  the  press  is  screwed  up  at  nine  o’clock  in  the  evening,  it  will 


not  run  down  by  the  morning. 
This  style  of  press  has  its  diffi- 
culties. The  plate  n being 
necessarily  made  to  move  easily 
between  the  pillars,  and  con- 
nected with  the  screw  by  a free 
joint,  is  liable  to  tip  to  one  side 
or  the  other,  and  this  in  pro- 
portion to  the  looseness  of  the 
fitting.  This  last  is  excessive 
in  some  presses,  a point  to  be 
watched  in  purchasing.  If  such 
tipping  occurs  in  use,  the  result 
will  be  ill-shaped  goods,  and 
this  especially  when  two  or 
more  cheeses  are  piled  on  each 
other.  The  buyer  and  con- 
sumer will  both  object  to  this, 
and  the  best  of  curds  will  lose 
from  id.  to  2d.  per  pound  if 
out  of  shape.  The  cheese  must 
be  placed  so  that  the  screw  may 
be  immediately  above  its  true 
centre  in  any  case,  and  this 
may  be  done  by  setting  the 
hoop  by  the  circular  whey 
gutters  in  the  bed  «,  for  when 
the  press  is  properly  constructed 
these  are  true  to  the  screw 
centre.  Rut  it  is  not  safe  even 


Fig.  123. — Lever  Press. 


then  to  trust  the  cheese  without  examination.  A glance  when  screw- 
ing up  afresh  will  show  whether  the  pressing  is  level.  There  is  a 
limit  to  the  upward  lever  movements,  the  chain  k preventing  any 
further  progress  when  the  weights  have  risen  to  the  head  ; if  the 
screwing  is  carried  further,  the  pressure  on  the  cheese  is  excessive, 
and  there  is  danger  of  cither  the  cast-iron  head  or  the  chain 
breaking.  Forewarned,  however,  is  forearmed,  and  with  these 
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Fig.  124. — Lever  Press. 


cautions  observed,  there  is  no  single  vertical  press  in  the  market 
which  more  nearly  meets  the  needs  of  the  case. 

It  is  often  desirable  on  economical  grounds  to  have  two  or 

more  screws  in  one  frame, 
in  which  case  the  cost  and 
space  are  both  much  less 
than  with  single  presses. 
Such  a combination  is 
shown  in  Fig.  124,  where 
the  differences  in  the  con- 
struction and  attachment  of 
the  levers  and  weights  will 
be  observed  ; especially  with 
the  inner  sets,  the  second 
levers  of  which  are  placed 
beneath  the  bed,  and  con- 
nected with  the  first  by  long 
rods,  and  the  weights  are 
lifted  within  the  limited  scope  shown.  Here  the  pressure  is  greater 
by  one-third  than  with  the  outer  sets,  which  should  therefore  be 

used  for  the  earlier  pressing.  There  is 
loss,  however,  as  against  the  previous  ex- 
ample, because  the  projecting  arm  cannot 
be  provided,  and  the  levers  are  shorter  ; 
there  must  therefore  be  an  increase  of 
weights.  The  bed  here  is  of  wood,  with 
dishes  of  lead  to  catch  and  direct  the  whey 
into  vessels  below.  If  this  part  is  of  cast- 
iron  it  should  be  much  stronger  than  is 
necessary  in  a single  press.  Commonly 
there  is  but  one  weight,  and  that  insuf- 
ficient for  full  requirements,  and  the  dairyer 
should  insist  on  a series  of  separate  weights 
of  known  effectiveness,  for  otherwise  he 
has  no  means  of  regulating  his  pressure. 
The  press  - makers’  notion  of  the  case  is 
generally  very  elementary,  to  judge  by  the 
machines  on  the  market. 

In  Fig.  125  the  source  of  pressure  is  a 
powerful  spring,  which  is  enclosed  with  the 
nut  (below  it)  in  a box,  the  screw  passing 
through  the  whole.  When  the  plate  reaches  the  hoop,  the  screw  is 
compressed  by  the  further  turning  ; and  the  pressure  exerted  by  it 
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is  in  proportion  to  the  extent  of  its  compression.  This  lesult  is 
shown  by  an  indicator,  which  rises  with  the  spring,  and  points  to 
the  weight  applied  as  marked  on  a brass  scale.  This  plan  does 
away  with  all  shifting  of  levers  and  weights,  and  admits  of  any 
number  of  screws  being  set  in  one  frame  as  near  togethei  as 
will  allow  only  of  the  pillars  coming  between  the  cheeses,  and 
therefore  with  saving  of  space,  and  proportionate  increase  of  strength 
in  the  head.  So  far  as  simplicity  and  convenience  go,  this  is 
the  best  type  of  vertical  press  for  a factory.  The  one  question 
remaining  is  the  effectiveness  of  the  spring,  of  which  the  reader 
may  be  doubtful,  as  we  were  until  we  found  one  which  had 
been  twenty  years  in  use  and  was  still  doing  satisfactory  work. 
But  everything  depends  on  the  particular  spring  in  use  ; and  with 
the  possible  variations  in  strength  and  staying  power,  it  is  well  to 
require  a guarantee  of  efficiency  or  replacement,  extending  over  a 
reasonable  period. 

On  the  following  morning,  as  early  as  may  be,  the  cheese,  if  pressed 
in  ordinary  hoops,  is  removed  from  press  and  bandaged.  There  are 
several  methods  of  doing  this  latter,  either  of  which  may  be  followed. 
The  system  has  no  rule  on  the  point,  but  that  described  is  the  simplest 
and  best  of  them  all.  A bandage  of  grey  calico,  the  thickness  of  which 
must  depend  on  the  size  of  the  cheese,  made  to  fit  it  closely,  is  drawn 
upon  it  from  the  lesser  diameter  downwards,  and  should  leave  from 
ii  to  2 inches  of  ends  to  overlap.  A little  skill  is  needed  to  put  it  on 
without  breaking  the  edges,  and  in  order  to  this  it  should  be  laid  about 
h inch  over  the  edge  of  the  cheese  nearest  to  the  operator  (Fig.  126),  a 
hand  then  moving  steadily  on  each  side  until  the 
two  meet,  drawing  it  about  an  inch  over  on  that 
side.  Then  the  hands  should  return  to  their  start- 
ing-place, drawing  as  they  go,  and  repeat  this 
rapidly  until  the  work  is  done.  If  one  hand  only  is 
used,  or  the  two  follow  in  rotation,  the  bandage 
will  almost  inevitably  be  twisted,  and  the  seam  will 
make  a corresponding  irregular  mark  on  the  cheese. 

The  free  edges  being  turned  neatly  back  so  as  to  lie 
as  smoothly  as  possible,  a circular  piece  of  the  cloth 
should  be  laid  on  the  top  of  the  cheese,  the  over- 
lapping  turned  down  upon  it,  and  the  metal  follower 
of  a second  hoop  laid  above  the  whole,  the  hoop  itself  following. 
I he  latter  is  now  turned  over,  the  uppermost  end  of  the  cheese 
covered  as  the  other,  a plain  wooden  follower  put  in  place,  and  all 
is  ready  for  further  consolidation.  Doubles  are  bandaged  in  similar 
fashion ; but  instead  of  “ tops  and  bottoms,”  a loose  cloth  is  placed 


Fig.  126. 

Bandaging  Cheese. 
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over  the  end,  the  girth  pressed  around  it,  and  as  close  to  the  table 
as  possible  (see  Fig.  127),  the  hoop  placed  over,  and  the  whole 
turned.  The  corners  of  the  cloth  are  allowed  to  fall  over  the  sides. 
The  upper  edge  of  the  girth  should  now  be  level  with  the  cheese 
surface ; or  if  not  so,  then  drawn  up  to  it.  A cloth  laid  smoothly 
over  the  cheese  completes  its  preparation  for  the  press. 

When  the  cheese  is  taken  from  press,  the  bandage  and  end  pieces 
are  found  to  be  adhering  to  it,  and  care  must  be  taken  not  to  detach 
them ; for  this  done  they  cannot  easily  be  made  to  take  a fresh  hold, 
and  the  surface  under  is  very  liable  to  crack.  The  overlapping  is  sewn 
with  double  thread,  so  as  to  leave  two  free  ends,  which — being  drawn 
tightly — are  tied,  and  the  folds  evenly  and  neatly  adjusted,  so  as  to  leave 
as  little  impression  as  possible  on  the  cheese.  If  the  bandage  is  well 
fitted  and  strong  enough  (medium  grey  calico  will  meet  the  outside 
demand  for  strength),  no  other  support  will  be  needed. 

One  caution  must  be  given  here  concerning  the  hoops.  Their 
proper  working  will  depend  upon  their  being  kept  in  good  shape. 


the  cheeses  injured  in  shape  by  such  foolish  treatment. 

The  cheese  should  now  be  marked  with  its  date,  and  removed  to 
the  curing-room  without  delay.  There  it  will  be  in  a proper  tempera- 
ture, which  will  often  be  missing  in  the  less  protected  press-room. 
Many  a cheese  becomes  cracked  by  shrinkage  in  cold  dry  draughts 
through  neglect  at  this  point. 

Curing. — The  general  character  of  the  changes  wrought  in  curing 
have  already  been  described,  and  it  is  only  necessary  here  to  apply 
those  earlier  teachings  to  the  needs  of  the  system. 

The  best  temperature  for  the  Cheddar  curing-room  is  65°  F.,  and 
the  range  from  68°  F.  upwards  to  60°  F.  downwards.  Above  the 
upward  limit  the  cheese  dries  too  rapidly,  considering  its  naturally  dry 
character.  For  a time  the  fermentation  makes  progress  in  proportion 
to  the  temperature,  but  the  loss  of  moisture  checks  it  ere  long,  and  the 
result  is  not  the  same  as  would  follow  with  a wetter  curd.  Moreover, 
there  is  a greater  danger  of  losing  fat  with  a dry  cheese  of  good  quality 
than  with  a moister  one.  On  the  other  hand,  from  the  lower  limit 
downwards  the  tendency  to  retain  moisture  in  the  outer  parts,  with 


Fig.  127. 

Re-covering  Double  Cheese. 


Made  as  described,  they  will 
be  easily  emptied  as  long  as 
they  are  not  bulged  this  once 
done  a difficulty  arises,  and 
they  are  banged  on  the  table 
to  stir  the  cheese,  more  damage 
being  done  meanwhile.  The 
hoops  are  easily  spoiled,  and 
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discoloration,  uneven  curing,  and  ill  flavour,  increases  steadily.  It 
will,  however,  be  readily  understood  that  a Cheddar  curd  will  not 
suffer  so  much  in  this  way  as  one  containing  more  moisture.  The 
formation  of  mould  will  be  scarcely  noticeable  within  the  range  of 
temperature  given,  and  this  is  an  advantage  because  of  the  saving  in 
bandages,  which  are  more  quickly  spoiled,  or  if  used  afresh  are  moie 
troublesome  to  cleanse  than  if  free  from  moulds,  and  because  of  the 
greater  cleanliness  in  handling  the  cheeses. 

The  regulation  of  the  temperature  by  either  of  the  methods 
already  given  should  not  be  difficult.  When  the  temperature  has 
reached  the  lower  limit  of  its  range,  if  there  is  a probability  of 
increasing  cold,  sufficient  heat  should  be  provided  to  raise  it  5°  T. ; 
and  if  this  rule  is  followed  with  any  increase  of  cold  the  results 
will  prove  the  economy  thereof.  There  is  great  reason  to  believe 
that  many  dairyers,  when  they  find  the  thermometer  reading  down 
even  to  55°  F.,  wait  on  the  hope  of  better  conditions  returning,  or, 
finding  the  temperature  not  far  below  the  safe  line  in  the  day-time, 
give  little  thought  to  the  possibilities  of  the  night.  The  curing-room, 
as  designed,  is  calculated  to  protect  from  sudden  or  considerable 
variations  ; but  while  the  range  of  temperature  within  it  will  be 
narrow  compared  with  that  of  the  open  air,  it  must  not  be  supposed 
that  the  internal  air  will  not  get  colder  or  warmer  with  outside 
changes  ; and  it  must  also  be  remembered  that  whatever  changes  do 
occur  within  it  will  not  be  so  easily  corrected  by  returning  ones  with- 
out, as  in  a less  protected  room.  The  best  curing-room  in  the  world 
will  not  do  much  for  its  owner  in  the  absence  of  intelligent  manage- 
ment ; and  we  are  convinced  that,  within  the  lines  of  the  strict  system, 
there  are  no  sources  of  loss  so  great  to-day  as  bad  curing  conditions. 
So  far  as  this  item  of  heat  is  concerned,  we  also  believe  that  there  is 
no  method  of  supplying  and  regulating  it  so  economical  and  easily 
applied  as  the  hot-water  circulation  earlier  described.  With  rooms  of 
the  construction  and  proportions  given  in  the  farm  dairy  and  factory 
plans,  four  doubles  of  pipes  will  suffice  to  raise  the  temperature  an 
average  of  four  or  five  degrees  for  each  bend  employed,  and— with  a 
proper  control  of  the  air  inlets  and  outlets— maintain  the  needful 
warmth  through  our  coldest  nights. 

I he  cheese  needs  more  air  moisture  than  the  products  of  most 
other  systems.  It  gives  off  in  its  first  days  2 lbs.  per  ton  and  upwards 
in  twenty-four  hours,  this  decreasing  slowly  but  steadily  under  correct 
conditions,  the  average  being  probably  from  1.2  lbs.  for  heavy  to  1.5 
lbs.  for  smaller  and  thinner  goods.  It  will  be  remembered  that  the 
latter  are  allowed  to  retain  whey  enough  to  bring  them  out  cured  with 
a mellowness  and  moisture  equal  to  those  of  the  larger  cheeses. 


214 


MILK,  CHEESE,  AND  BUTTER. 


r 


rCT. 


t 


Fig.  128. — Water  Trough. 


The  moisture  so  cast  off  is  usually  ample  for  the  needs  of  the  case, 
but  it  is  easy  to  err  in  heating  and  regulating  the  air  so  as  to  give  too 
free  a passage  of  warm  air,  which  will  take  up  more  moisture  than  a 
colder  air  would  do,  and  so  exceed  the  occasion  ; or,  on  the  other 
hand,  to  confine  the  damp  air  until  it  is  saturated,  and  cannot  relieve 
the  cheese  of  further  discharges.  The  hygrometer  must  be  frequently 
consulted,  and  the  moisture  kept  within  a range  of  78°  to  88°  of 
humidity,  or  2°  to  40  F.  difference  between  its  two  thermometers-.  The 
instrument  should  be  so  placed  as  to  register  the  condition  of  matters 
near  to  the  cheese,  and  not  at  a distance  from  it.  When  more 
moisture  is  needed  than  can  be  retained  by  proper  control  of  the  air, 
troughs  (Fig.  128),  containing  water,  may  be  set  on  the  circulating 

pipes  ; or,  when  these  are  not  in 
use,  the  floor  may  be  sprinkled 
from  a watering  - can.  This 
occasion  is  not  so  liable  to  arise 
as  the  opposite,  which  can  be 
managed  by  simply  allowing 
more  air  to  pass  through,  with 
warmth  to  encourage  its  speed  if  necessary.  The  maintenance  of 
sufficient  moisture  saves  the  cheese  from  excessive  loss  in  weight,  and 
so  indirectly  encourages  the  fermentative  changes  so  essential  to 
perfect  curing  ; and  this  latter  without  the  need  for  so  much  original 
whey  in  the  cheese  as  would  furnish  the  organisms  and  materials  for 
excessive  fermentation,  especially  of  the  L.A.  kind. 

The  cheese  shelves  may  be  of  the  simplest  character.  Strong 
standards  of  wood,  as  in  Fig.  129,  where  the  uprights  (a,  a)  as  shown 
are  secured  to  the  ceiling  and  floor,  with  cross  pieces  ( b ) bearing  planed 

boards  ( c ) of  1^  in.  thickness, 
and  from  12  to  18  inches  wide, 
according  to  the  cheeses  to 
be  made.  In  calculating  the 
length  of  the  shelves,  the  dia- 
meter of  the  cheese,  and  an 
allowance  of  two  inches  for 
spaces  between  them,  should 
be  added  together,  and  the 
result  allowed  for  every  cheese. 
The  shelves  also  should  have  a similar  air-space  between  them,  being- 
separated  by  a block  of  wood  (d)  as  shown.  Cheeses  lying  too  near 
each  other  become  sodden  and  discoloured  at  the  nearest  points. 
Each  shelf  should  be  of  one  board  if  practicable,  or,  failing  that,  have 
its  joints  kept  well  closed  with  putty,  which  should  be  allowed  to  dry 
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well  before  cheese  is  put  upon  it.  The  vertical  distance  between  any 
two  shelves  must  be  sufficient  to  allow  cheeses  to  be  placed  on  or 
removed  from  them  without  damage  or  difficulty.  Generally  three 
inches  more  than  the  depth  of  the  cheese  will  suffice.  If  goods  of 
varying  depth  are  made,  it  will  be  well  to  store  the  heaviest  on  the 
lowest  shelves,  and  the  smallest  on  the  uppermost  ones,  both  to  save 
labour  and  risk  in  turning.  The  lowest  shelf  should  not  be  less  than 
18  inches  from  the  floor,  which  may  then  be  used  for  storage  in 
emergencies.  The  shelf  edges  should  be 
slightly  bevelled  and  quite  smooth. 

The  cheeses  will  have  need  to  be  turned 
daily  (excepting  on  Sundays)  for  the  first 
month,  on  alternate  days  during  the  second 
month,  and  afterwards  twice  weekly  will  be 
sufficient,  to  secure  the  even  distribution  of 
the  moisture  and  its  accompanying  advan- 
tages. They  should  be  examined  at  the 
same  time  for  evidences  of  damage,  such 
as  cracking,  mites,  &c. ; and  a keen  eye 
will  detect  anything  amiss  in  a cheese 
while  it  is  being  turned,  so  that  no  extra 
time  may  be  consumed  upon  it.  All  goods 
up  to  80  lbs.  weight  are  best  turned  by 
hand,  the  lighter  ones  upon  the  hands  only, 
the  heavier  with  the  aid  of  the  knee.  The 
cheese  being  seized  as  at  a , Fig.  130,  is  drawn 
from  the  shelf,  the  lower  hand  supporting  it 
so  that  it  does  not  scrape  against  the  edge 
in  passing,  and  then  dropped  into  position 
b , and  turned  over  quickly  towards  the 
operator , so  that  if  there  should  be  any  slip 
of  the  hand  the  cheese  will  fall  against  him. 

If  such  should  happen  when  it  was  being 
turned  in  the  other  direction,  it  would  be 
difficult  to  save  it  from  a fall  to  the  floor,  or  against  the  shelf  edge, 
with  almost  inevitable  damage.  In  replacing  it  on  the  shelf,  it 
should  be  lifted  as  at  c,  carefully  clearing  the  edge.  With  care  the 
dairyer  will  soon  find  himself  able  to  gauge  distances  in  turning 
with  safety,  but  beginners  in  their  anxiety  to  avoid  collision  with  the 
shelf  aie  liable  to  stiike  the  one  above.  The  heavier  goods  are 
turned  in  the  same  way  excepting  that  the  hands  are  not  trusted 
entiiely,  the  bent  knee  taking  part  of  the  weight.  The  cheeses  stored 
on  the  higher  shelves  make  it  necessary  either  to  stand  on  a small 


Fig.  130. — Cheese  Turning. 
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bench,  or  on  the  lower  shelves  ; in  the  latter  case,  one  on  each 
side  of  the  gangway  should  be  used,  and  care  taken  to  avoid  touch- 
ing the  cheeses  on  them  with  the  feet.  In  carrying  young  cheeses 
care  must  be  taken  to  avoid  breaking  them.  Thin  goods  are  most 
liable  to  breakage,  and  should  be  borne  on  their  edges.  In  factories 
a little  table  on  wheels,  like  to  but  lighter  than  the  bandaging  table 
(Fig.  72),  may  be  used. 

Some  makers  grease  their  cheeses  with  whey  butter,  or  a special 
preparation,  to  keep  them  from  becoming  too  dry  and  cracking,  but 
this  is  unnecessary  where  the  humidity  is  correctly  maintained. 
Others  press  sheets  of  light  straw  paper  on  the  surface  of  thin  goods 
with  a hot  flat  or  “sad”  iron,  and  for  the  same  purpose,  but  this  also 
is  a waste  of  time  and  trouble.  We  followed  this  practice  till  we  found 
that  the  cheeses  which  were  not  so  treated  kept  in  perfect  condition  in 
a proper  air,  and  that  these  others  would  crack  in  spite  of  the  paper 
when  the  air  was  too  warm  and  dry.  Years  of  subsequent  experience 
have  confirmed  the  teaching  on  this  point. 

For  several  weeks  Cheddar  cheese  is  practically  tasteless  ; at  two 
months  it  is  beginning  to  develop  its  nutty  flavour,  and  a month  later 
this  is  distinct  enough  to  meet  the  tastes  of  many  consumers.  The 
rennet,  however,  having  had  a better  chance  than  would  be  possible 
with  higher  proportions  of  retained  whey,  the  cheese  is  proportionately 
more  digestible  ; and,  so  far  as  the  consumer’s  advantage  is  concerned, 
he  may  use  it  then  without  either  the  effects  of  indigestibility  on  the 
one  hand,  or  of  pungency  of  flavour  on  the  other.  For  those  who 
desire  a stronger  flavour,  it  will  have  to  be  kept  two  months  more  or 
upwards  ; and  if  made  on  the  lines  laid  down,  and  as  perfectly  as  it 
may  be  from  sound  milk,  will  be  at  its  best  from  eighteen  months  to 
two  years  old.  If  such  long  keeping  is  sought,  it  should  be  stored, 
after  four  months’  age,  in  a temperature  never  exceeding  62°  F.  nor 
falling  below  550  F.,  with  the  humidity  of  the  air  maintained.  The 
loss  in  weight  under  such  conditions  will  not  be  great,  but  taken  with 
the  interest  on  capital  lying  idle,  and  rent  of  storage  space,  and  the 
cost  of  labour  in  turning  and  of  fuel,  will  justify  such  an  advance  in 
the  selling  price  as  the  trade  will  not  meet.  In  this  case  the  gourmand 
must  either  pay  the  dairyer  direct  for  bringing  his  article  to  perfection, 
or  do  the  greater  part  of  the  curing  in  his  own  cellar.  In  respect  of 
firmness  and  safety  in  transit  Cheddars  are  ready  in  three  months, 
and  apart  from  special  trade  developments  it  is  well  to  market  them  at 
that  time. 

The  proportion  of  cured  cheese  to  the  original  milk  depends  upon 
the  time  of  sale,  with  slight  variations  arising  out  of  making  conditions. 
An  imperial  gallon  ( ioj  lbs.)  of  average  milk  will  give  a pound  of  cheese 
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at  four  months  old  if  made  and  cured  as  advised,  Hut  if  waste  is 
incurred  at  any  point  of  the  work  it  may  require  an  excess  up  to  twelve 
lbs.,  or  even  more,  of  such  milk  to  give  that  result.  As  the  milk 
quality  is  less,  or  the  curing  extended,  the  cheese  ratio  -will  be  less, 
while  with  better  milks  it  will  increase. 

At  the  time  of  sale  the  weight  should  be  ascertained,  and  the  loss 
by  shrinkage  since  the  making,  and  these  facts,  with  the  time  in 
storage,  recorded  for  comparison  and  reference.  It  is  worth  while 
weighing  the  makes  of  separate  days  or  vats  separately,  so  as  to 
complete  the  records.  They  should  also  be  examined,  and,  in  case  of 
special  reason,  cut  with  a cheese-taster.  Useful  as  it  is  to  know  the 
quality  of  the  cheese,  it  is  not  well  to  cut  too  many,  the  buyers  naturally 
objecting  to  the  practice  beyond  certain  narrow  limits.  When  the 
goods  are  sold  the  dairyer  can  easily  take  note  of  the  qualities  of  each 
one  ironed,  and  draw  the  buyer’s  attention  to  any  of  special  interest, 
so  reducing  the  number  which  it  may  be  necessary  to  cut  for  infor- 
mation’s sake.  In  this  matter  the  factory,  with  its  larger  number  of 
cheeses  made  together,  enjoys  an  advantage — for  one  is  a sample  of 
the  entire  product  of  each  lot  of  milk. 

Influence  of  Essentials. — Having  described  the  management 
appropriate  to  sound  and  natural  milk  of  average  quality,  we  may 
glance  back  to  note  the  leading  points  in  the  system  by  which  the 
special  characteristics  of  the  product  are  secured.  They  may  be 
summarised  as  follows,  viz.  : — 

(a.)  A comparatively  low  standard  of  ripeness  for  milk  and  curd. 

(b.)  A correspondingly  low  level  of  initiatory  temperature  and  a 
short  exposure  to  its  highest  temperature. 

{c.)  The  expulsion  of  the  whey  by  pressure,  during  the  process  of 
dividing  the  curd,  by  the  use  of  special  implements,  thus  producing 
— with  the  after-help  of  heat — an  unusually  dry  curd. 

{d.)  I he  extraction  of  the  free  whey  by  draining,  airing,  and 
pressing  the  curd. 

(e.)  The  exposure  of  the  cheese  in  the  curing-room  to  a moist 
atmosphere,  which  but  slowly  carries  off  the  water  expelled  in  the 
process  of  curing. 

These  points  are  shared  with  all  other  systems  excepting  c,  which 
is  peculiar  to  the  Cheddar  system.  But  c is  consistent  with  and 
helped  by  a and  b , which  tend  to  a slower  fermentation  than  would 
accompany  higher  temperatures  and  ripeness  ; and  as  c leaves  behind 
a specially  low  proportion  of  whey  in  the  curd,  d—  extracting  that  which 
is  set  fi ee  leaves  proportionately  less  in  the  made  cheese  than  with 
other  systems  which  do  not  follow  the  principles  of  c,  while  c pro- 
vides for  the  retention  of  the  remaining  water  to  an  extent  suitable 
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to  the  case  and  thus  encourages  the  curing  changes.  The  rennet 
is  allowed  a greater  share  of  influence  than  usual,  but  the  fermentation 
is  well  balanced  with  it,  and  the  L.A.  form  furnishes,  with  the  heat, 
sufficient  firmness  for  all  purposes.  The  fermentable  materials  of 
the  whey  being  in  such  low  proportion  in  the  cheese,  the  flavouring 
changes  are  also  slow,  and  never  reach  the  pungency  which  belongs 
to  old  goods  of  other  makes.  Hence  the  Cheddars  are, — 

(«•)  Digestible  at  an  early  age,  because  the  rennet  is  not  opposed 
by  the  L.A.F.  to  the  usual  extent. 

(A)  Long-keeping  and  mild,  because  the  fermentable  materials  of 
the  whey  are  more  limited,  and  the  fermentation  slower  than  would  be 
the  case  with  wetter  curds,  and  to  these  leading  characteristics  may  be 
added  the  following,  which  are  needful  for  completeness,  viz.  : — 

(c.)  The  quality  is  fully  secured  by  the  rennet  and  C.F.  action 
in  the  casein,  rendering  it  mellow  and  plastic,  while  other  ferments 
help  by  converting  casein  into  volatile  fats. 

(A.)  The  texture  and  solidity  are  helped  by  the  avoidance  of  any 
sealing  of  the  curd  surfaces  in  breaking  and  scalding,  by  the  ripening 
of  the  curd,  by  the  grinding  appropriate  to  the  system,  and  finally  by 
the  pressure. 

(<?.)  The  narrow  limits  of  fermentation  secure  them  from  the  for- 
mation of  poisonous  ptomaines;  and  care  of  the  cattle  and  their 
feeding  will  give  freedom  from  objectionable  qualities  introduced  by 
bad  management  before  the  dairyer  comes  into  control. 

The  consistency  of  the  Cheddar  system  with  its  aims  is  there- 
fore established  ; and  the  reader  will  by  this  time  be  able  to  justify 
the  directions  and  cautions  given  with  a view  to  the  realisation  of 
those  aims,  and  to  keep  within  the  essential  limits  of  the  system  such 
variations  in  practice  as  are  at  any  time  necessary. 

The  practical  impossibility  of  obtaining  uniform  milk  and  atten- 
dant conditions  will  give  him  daily  experience  in  manoeuvring  to 
obtain  uniform  excellence  in  the  products,  but  this  is  possible,  and 
the  system  elastic  enough  for  any  occasion. 

Excess  or  Deficiency  of  Lime  Salts. — These  create  difficulties  which 
have  already  been  noticed,— the  former  producing  persistent  alkalinity, 
and  the  latter  giving  deficient  co-operation  with  the  rennet,  and  are 
both  troublesome  to  the  cheese-maker.  The  product  in  either  case  is 
a weak  curd,  which,,  with  ordinary  treatment,  is  slow  in  coagulation 
and  contraction,  therefore  also  in  whey  expulsion  and  hardening,  in 
curd  ripening  and  drying,  and  finally  makes  a soft  and  soapy  cheese, 
wanting  in  firmness,  and  more  or  less  defective  in  flavour.  The 
reader  is  recommended  to  read  up  the  whole  subject  back  to  the 
foundation  in  soil  composition. 
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Excess. — In  this  case  the  practice  of  ripening  milk  by  whey  is 
necessary,  so  that  the  acid  already  formed  in  the  ripener  may 
neutralise  the  alkalinity  of  the  milk,  and  more  whey  than  usual 
will  be  required.  As  the  dairyer  will  in  very  few  instances  have 
the  means  of  determining  the  excess,  which  will  vary  somewhat 
with  movements  from  one  part  of  a farm  to  another,  or  with  the 
feeding  of  foods  from  different  parts,  it  will  be  best  for  each  to 
make  his  own  experiments,  with  notes  thereon  for  constant  guid- 
ance. Taking  his  clue  from  earlier  references,  he  can  judge  whether 
his  soil  is  likely  to  be  the  cause  of  any  irregularity  observed,  and 
carry  the  investigation  as  far  as  analysis  if  he  finds  reason  to  do 
so.  If  the  grounds  are  sufficient,  he  can  increase  his  use  of  whey 
until  he  finds  his  milk  and  curd  working  as  described  under  ordinary 
conditions,  and  fix  his  practice  accordingly  whenever  his  milk  comes 
from  the  troublesome  locality.  We  have  had  experience  with  a milk 
the  owners  of  which  asserted  that  no  good  cheese  had  ever  been 
made  from  it  in  the  home  dairy,  and  which  proved  to  be  hampered 
with  this  condition.  The  test  applied  showed  it  to  be  unusually 
alkaline,  and  when  treated  with  this  it  resisted  coagulation  under 
air  conditions  for  a day  or  two  longer  than  other  milks  beside  it. 
But  mixed  with  other  milks  in  large  vats,  or  treated  as  advised,  it 
gave  no  trouble,  and  showed  no  characteristic  in  the  cured  cheese 
which  might  be  attributed  to  the  original  difficulty. 

Deficiency.—  The  proper  cure  for  this  is  to  furnish  the  soil  with 
lime  in  some  soluble  form,  and  no  treatment  of  the  milk  in  the 
dairy  is  so  satisfactory.  Indeed  there  is  not  at  present  any  other 
method  of  supplying  the  requisite  CaO  which  we  are  able  to  re- 
commend to  the  dairyer  as  properly  meeting  the  case.  With  a 
slight  deficiency  it  is  possible  to  procure  a firm  curd  by  an  increase 
of  whey,  the  acid  being  able  to  coagulate  casein  in  the  absence  of 
lime  salts,  but  only  in  such  cases  can  this  be  used  without  seriously 
disturbing  the  balance  of  initial  influences.  Nor  are  the  effects 
— even  within  narrow  limits — exactly  the  same,  nor  the  cheese  on  the 
strict  Cheddar  model.  An  instance  of  the  necessity  for  the  soil- 
correction  on  a large  scale  will  be  referred  to  in  a later  chapter, 
showing  the  entire  practicability  and  advantages  of  that  course. 


CHAPTER  XII. 


THE  CHEDDAR  SYSTEM  WITH  OVER-RIPE  A AH 
TAINTED  MILKS. 

Classification. — In  this  chapter  we  deal  with  the  management  of 
four  kinds  of  milk,  which  may  be  classified  as  follows,  viz. 

(a.)  Sour  milk,  in  which  the  friendly  ferments  are  in  excess,  but 
which  gives  no  evidence  of  putrefactive  taint. 

(A)  Milk  in  which  the  C.F.  is  in  excess  of  the  L.A.F.  without 
evidence  of  taint. 

(c.)  Milk  tainted  by  unfriendly  ferments. 

(ff.)  Milk  which  has  absorbed  odours  from  other  sources  than  those 
referred  to  in  preceding  divisions. 

The  third  class  does  not  here  include  milks  affected  by  the  microbes 
of  infectious  animal  diseases,  such  being  dismissed  as  unsuitable  for 
food  production. 

(a.)  Sour  Milk. — There  may  be  here  either  an  equal  L.A.F.  and 
C.F.  action,  carried  beyond  the  standard  of  milk  ripeness,  or  of  the 
two  the  L.A.F.  may  be  in  excess  of  the  other.  In  either  case  the 
result  is  a “ pure  sour,”  with  a flavour  and  odour  not  disagreeable,  and 
capable  of  being  made  into  a comparatively  valuable  cheese.  In  the 
former  case,  however,  the  C.F.  helps  the  rennet  to  the  ordinary  curing, 
though  the  L.A.F.  influence  is  opposed  to  it ; whereas  in  the  latter  the 
L.A.F.  action  is  proportionately  greater  by  reason  of  the  relatively 
weaker  C.F.  action,  and  the  rennet  has  still  less  chance  of  effecting  its 
digestive  work, — the  product  of  the  former  is  therefore  better  both  for 
the  dairyer  and  the  consumer.  They  cannot  be  distinguished  at  the 
outset,  but  the  rate  at  which  the  curd  becomes  flaky  or  stringy  will 
point  to  a safe  conclusion, — for  when  this  is  rapid,  we  may  be  sure  that 
the  C.F.  is  equal,  or  nearly  equal,  in  influence  to  the  L.A.F.;  whereas 
when  the  curd  is  hard  and  crumbly,  the  greater  influence  of  the  L.A.F. 
is  shown. 

Between  the  extremes  of  equality  and  difference  in  power  there 
are  many  degrees  of  relation,  which  may  be  recognised  by  the  means 
described,  and  the  management  varied  accordingly.  It  is  of  no 
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material  consequence  to  know  anything  beyond  what  the  acid  and 
speed  in  coagulation  can  show  until  the  whey  is  removed,  the  manage- 
ment up  to  that  point  being  the  same  in  all  cases.  The  state  of  the 
milk  being  ascertained  by  the  litmus  test,  the  early  probabilities  may 
be  estimated.  The  colour  may  range  from  F to  N (Colour-plate),  but 
beyond  the  latter  coagulation  is  liable  to  take  place  before  the  rennet 
can  be  stirred  in,  and  the  curd  will  be  practically  useless. 

What  should  be  the  relation  of  rennet  to  a sour  milk  ? The  excess 
of  acid  would  suggest  an  increase  of  rennet  to  balance  with  it ; but  this 
would  also  unduly  hasten  coagulation,  and  make  an  increase  in  the  rate 
of  breaking  necessary,  with  a corresponding  loss.  On  the  other  hand, 
while  less  than  the  ordinary  amount  of  rennet  would  lengthen  the  time 
of  coagulation  in  proportion  to  the  deficiency,  it  would  equally  increase 
the  influence  of  the  acid  as  against  the  rennet.  It  is  therefore  well  to 
leave  the  rennet  quantity  unchanged  ; and  here  experience  confirms 
theory.  Fermentation  and  rennet  action  will  give  more  than  the 
usual  curd  contraction,  and  in  proportion  to  the  former  the  tempera- 
ture may  be  lowered  with  advantage,  within  limits  fixed  according  to 
that  of  the  air. 

In  warm  weather,  when  sour  milks  are  naturally  most  frequent,  the 
subtractions  of  degrees  (F.)  in  Column  I.  of  the  table  at  the  end  of  this 
section  may  be  made  from  the  standard  temperatures  ; while  in  colder 
weather,  below  58"  F.,  those  given  in  Column  II.  will  be  suitable,  taken 
according  to  the  litmus  indications.  In  any  case,  the  heating  must  be 
as  rapid  as  possible,  and  if  the  old  method  is  followed  some  new  milk 
should  be  used  for  the  boiler.  Despatch  must  be  made  of  all  work,  for 
every  minute  lost  increases  the  difficulty  and  risk,  so  that  it  is  wise  to 
have  help  to  carry  through  the  preparations  for  coagulation.  The 
stirring  in  of  the  rennet  must  be  vigorous,  and  cease  as  soon  as  is 
consistent  with  proper  distribution.  The  time  taken  to  produce 
coagulation  will  vary,  the  numbers  in  Column  III.  giving  the  minutes 
under  average  conditions.  I he  breaking  must  be  done  at  a speed 
pi  opoi  tionate  to  the  coagulation.  There  will  always  be  some  loss,  but 
it  should  be  made  as  little  as  possible  consistently  with  the  main  aim, 
which  must  be  to  get  the  curd  as  small  as  usual  before  scalding.  Of 
the  two  evils  the  waste  of  curd  by  breaking  is  the  least.  The  tempera- 
ture for  scalding  may  be  reduced  by  the  degrees  given  in  Column  IV. 
for  warm  weather,  and  in  Column  V.  for  colder  weather.  The  harden- 
ing in  scald  will  occur  earlier,  and  must  be  watched  for  from  the  end 
of  heating  with  great  care.  The  stage  of  curd  hardness  should  be  the 
same  as  in  half-creamed  milk  ; for  the  whey  must  be  as  fully  expelled 
by  the  end  as  in  an  ordinary  curd,  and  the  greater  contraction  will 
not  carry  it  to  the  desired  result  if  the  stirring  be  stopped  earlier. 
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From  this  point  for  the  most  advanced  curd  with  the  lowest  scald- 
ing temperature,  the  variations  may  rise  with  less  advanced  curds  to 
the  ordinary  hardness  with  such  as  are  but  little  over-ripe,  as  F.  The 
whey  will  naturally  be  removed  earlier,  but  the  time  must  be  deter- 
mined by  the  packing  ; and  here  is  the  first  point  at  which  the  manage- 
ment is  varied  to  meet  the  case  of  equal  L.A.  and  C.  fermentation,  or 
an  excess  of  the  former.  The  packing  will  proceed  more  rapidly  in 
the  former  case  than  in  the  latter,  and  by  the  time  occupied  in  this  we 
may  judge  which  experience  is  before  us.  Taking  the  case  of  equal 
fermentation , Column  VI.  gives  the  average  time  in  minutes  required 
for  the  proper  consolidation  of  the  curd  ; and  as  it  varies  from  this  in 
the  direction  of  increase,  being  tested  by  the  hand,  it  may  be  known 
that  the  L.A.F.  is  in  proportionate  excess. 

The  curd  should  be  treated,  after  the  whey  is  drawn,  con- 
sistently with  its  state  as  shown  in  Column  VII.  In  the  lower 
stages  of  fermentation  it  is  best  to  pile  it  as  usual,  simply  cutting 
and  turning  at  proportionately  shorter  intervals  until  it  reaches 
the  ordinary  curd  ripeness,  or — if  not  then  solid  enough — for  a little 
longer  ; but  with  higher  stages  less  depth  in  pile  is  desirable,  until 


Fig.  131.— Curd  Tipped  for  Airing. 


at  J and  onwards  the  squares  of  curds  can  be  tipped  against  each 
other  as  in  Fig.  13 1,  when  the  air  will  cool  it  and  check  the  fermen- 
tation. The  turning,  airing,  grinding  and  salting,  must  follow  as 
quickly  as  is  consistent  with  the  state  of  the  curd.  The  proportion  of 
salt  will  depend  on  the  dryness  of  the  curd,  which  should  not  be  far 
from  equal  to  an  ordinary  curd.  The  stringy  and  soft  state  of  a sour 
curd,  especially  in  advanced  stages,  gives  an  impression  of  more  moisture 
than  is  present,  though  often  there  actually  is  more  than  usual,  and 
this  must  be  judged  as  nearly  as  may  be.  Wherever  a drying  oven 
(Fig.  209)  is  available,  the  dairyer  can  test  the  amount  of  moisture  in  an 
ordinary  curd  for  a standard,  and  in  varying  sour  curds  for  comparison, 
and  make  note  of  the  results  with  suitable  proportions  of  salt.  Such  a 
test  could  not  be  made  in  time  to  be  of  service  with  the  same  cuid, 
but  it  would  be  valuable  as  training  the  judgment,  though  only  as  applied 
to  curds  which  the  dairyer  had  handled  would  it  be  of  use,  because  the 
condition  cannot  be  accurately  described.  Hence  we  do  not  attempt 
a standard  here.  The  salt  must  be  calculated  for  an  excess  of  free 
whey  as  in  other  cases,  but  no  advantage  can  be  gained  by  increasing  it 
for  any  other  reason.  The  pressing  temperature  should  be  a degree 
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or  two  lower  if  the  final  stage  of  fermentation  in  the  curcl  is  beyond 
the  ordinary  standard,  and  according  to  the  excess.  If  the  curd  is 
unusually  wet,  it  will  give  out  some  white  whey  in  grinding,  and 
the  pressing  must  be  less  than  ordinary  at  the  outset  when  such  is 
observed.  No  change  need  be  made  in  the  curing  temperature. 

The  cheese  will  cure  slowly  so  far  as  concerns  digestibility,  but  will 
early  develop  a flavour,  sour,  and  more  or  less  distinct,  according  to 
its  history.  If  a wet  cheese,  it  will  be  liable  to  crack,  wet  the  shelves, 
and  attract  the  flies.  If  too  dry,  it  will  be  crumbly.  Both  evils  may 
be  avoided  if  the  possibility  and  causes  of  them  be  kept  in  view.  In 
the  earlier  stages  of  excess  the  cracking  will  be  very  slight,  and  give 
a marbled  appearance  to  the  goods  by  reason  of  the  blue  moulds 
which  soon  occupy  the  cracks.  The  flavour,  with  its  pure  acidity,  and 
a possible  smack  of  the  mould,  is  much  relished  by  the  gourmand  and 
sought  by  the  trade  ; and  we  have  known  the  prizes  at  a leading  Eng- 
lish show  to  go  to  such  goods,  though  these,  however  much  they  may 
be  enjoyed  by  the  consumer,  are  not  according  to  the  standard  of  the 
system  in  the  important  point  of  digestibility. 
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When  the  L.A.F.  is  in  excess,  it  is  necessary  to  pile  the  curd  as 
quickly  as  possible  in  the  ordinary  way,  for  it  is  better  to  have  too 
much  fermentation  than  coldness  and  the  increased  tendency  to  be 
crumbly.  The  litmus  test  will  be  of  little  service  here,  the  fitness  of 
the  curd  for  airing  must  be  judged  of  by  its  flakiness  and  solidity. 
Nothing  can  be  gained  by  increasing  the  proportion  of  salt,  excepting 
for  increase  of  moisture ; for  though  it  would  check  the  L.A.F.,  it  would 
even  more  check  the  weaker  C.F.,  and  less  than  usual  would  unduly 
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encourage  the  L.A.  fermentation.  The  results  are,  still  slower  curing, 
greater  indigestibility,  and  lower  food  value  than  with  the  fermenta- 
tions equal,  and  there  is  no  escape  from  them.  Commercially  the  pro- 
duct may  be  made  more  valuable  by  encouraging  the  blue  moulds.  The 
foregoing  directions  cover  all  that  can  be  safely  advised  at  present  for 
making  the  best  of  bad  cases.  The  chief  points  of  the  matter  are,  that 
the  dairyer  must  keep  up  with  the  progress  of  his  curd,  and  by 
reducing  temperatures  discourage  fermentation  as  far  as  s safe. 
Concerning  the  latter,  it  should  be  noticed  that  the  various  stages  of 
the  work  occupying  less  time,  and  in  proportion  to  the  advance  of 
fermentation,  there  is  less  risk  of  the  curd  becoming  too  cold  than 
would  ordinarily  be  the  case. 

(6.)  Milk  with  C.F.  in  Excess. — In  our  occasional  experiences 
with  such  milk  we  found  the  earliest  practical  evidence  of  the  exist- 
ence and  operations  of  a casein  ferment.  The  effects  observed,  and 
attributed  to  this  cause,  are  given  as  they  arise,  and  we  know  of  no 
other  consistent  explanation.  With  little  or  no  excess  of  L.A.  fer- 
mentation, there  has  been  very  quick  coagulation  ; but  in  the  absence 
of  the  rennet  test  this  was  not  suspected,  the  first  sign  being  followed 
so  closely  by  the  curding  of  the  milk  as  to  give  no  room  for  saving  the 
curd  from  being  broken  into  minute  fragments.  The  rennet  test  would 
have  shown  the  danger,  and  therefore  should  be  used,  at  least  after 
any  such  occurrence,  and  until  the  regular  ferment  relations  are 
established  afresh.  We  have  found  in  most  cases  more  L.A.  than 
usual,  and  this,  though  far  from  enough  to  account  for  the  time  of 
curding,  has  given  warning  of  special  conditions.  In  such  case  great 
care  in  .stirring,  and  the  use  of  the  curding  test,  saves  from  the  waste 
which  must  needs  follow  too  long  an  agitation.  Whether  the  frequency 
of  occurrence  without  any  excess  of  L.A.  fermentation  is  sufficient  to 
justify  the  daily  use  of  the  rennet  test  it  is  difficult  to  say,  for  the 
known  observations  which  have  been  complete,  and  have  led  to  our 
conclusions,  have  been  few.  Only  in  the  presence  of  acid  and  co- 
agulation tests,  with  conditions  favourable  for  observation,  can  the 
facts  be  properly  noted  ; but  we  may  now  hope  that  such  occurrences 
will  be  reported  to  the  dairy  press. 

It  is,  however,  certain  that  the  rennet  test  would  give  an  advan- 
tage from  the  first,  admitting  of  variations  in  the  preparations  for 
coagulation  in  consistency  with  the  facts.  Since  the  action  of  the 
C.F.  is  found  to  be  rennet-like,  in  that  it  tends  to  the  softening  and 
breaking  down  of  the  casein,  less  rennet  may  be  used,  reduced  in 
proportion  to  the  difference  between  the  natural  expectation  based 
on  the  L.A.  indications  and  the  actual  time  of  curding  in  the  test. 
Supposing,  for  example,  that  with  ordinary  acidity  (E)  and  the  usual 
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proportion  of  proved  rennet,  the  milk  would  coagulate  in  ten  minutes, 
as  shown  by  test  and  calculation ; then,  since  the  C.F.  can  with  these 
procure  that  effect  in  half  the  time  proper  to  ordinary  conditions,  the 
rennet  may  be  reduced  to  half  its  general  quantity.  If,  however,  the 
acidity  would  justify  the  expectation  of  a sixteen  minutes’  coagulation 
(G),  the  reduction  in  rennet  would  be  a little  less  than  one-fourth  its 
usual  proportion.  This  so  far  as  balancing  the  two  influences  can 
go  ; but  it  would  be  better  to  reduce  the  temperature  (as  advised 
on  page  221),  and  so  make  a less  reduction  of  rennet  necessary  ; 
and  in  the  second  example,  the  excess  of  L.A.  would  suggest  that 
the  greater  excess  of  C.  fermentation  would  probably  act  as  an 
equal  set-off  against  its  opposition  to  rennet  action,  and  the  ordinary 
proportion  of  the  latter — with  a quicker  manipulation — would  give  the 
best  results.  With  differences  between  the  two  fermentations  greater 
than  this  last,  the  rennet  should  certainly  be  decreased.  In  such  cases 
the  after-management  would  be  closely  like  to  that  of  ordinary  or 
slightly  sour  curds. 

When  the  state  of  the  milk  is  only  discovered  at  its  coagulation, 
the  curd  must  be  managed  so  as  to  counterbalance,  as  far  as  possible, 
the  mischievous  conditions.  The  rate  of  breaking  must  be  regulated 
by  the  acidity,  for  if  this  be  no  more  or  less  than  usual  the  curd 
contraction  will  be  weak  and  slow,  so  that  the  rapidity  proper  to 
sour  curds  would  be  both  unnecessary,  and  more  than  commonly 
wasteful.  If,  however,  the  softening  tendency  of  the  C.F.  is  more 
nearly  balanced  by  the  L.A.F.,  the  speed  should  be  greater  up  to  the 
equality  of  the  fermentations  and  the  hardening  suitable  to  such  case. 
A quantity  of  sour  whey  may  be  added  to  the  contents  of  the  vat  just 
after  the  skimmer  is  withdrawn,  and  this  tendency  to  increase  of  the 
L.A.F.  will  greatly  help  to  restore  the  balance  of  affairs.  The  pro- 
portion may  range  from  one  gallon  to  five  gallons  per  100  gallons  of 
milk,  according  to  the  proportion  of  L.A.F.  to  C.F.  influence  originally 
present.  A greater  hardness  of  the  curd  must  be  secured  in  the 
scalding,  not  by  a higher  temperature  but  by  longer  stirring,  or  the 
cheeses  will  be  too  weak  to  retain  their  form,  and  the  proportion  of 
whey  proper  to  be  left  in  an  ordinary  curd  is  too  great  in  view  of  the 
higher  fermentation.  A few  minutes’  stirring  beyond  the  usual  point 
will  suffice  in  any  case,  but  the  use  of  sour  whey  in  proportion  to  its 
state  and  quantity  will  reduce  the  necessity  for  this.  The  packing  will 
be  rapid ; the  whey  should  be  removed  as  soon  as  the  curd  is  solid 
enough,  and  the  latter  laid  as  Fig.  13 1,  unless  it  nearly  approaches  to 
the  ordinary  or  slightly  sour  condition.  The  C.F.  excess  will  naturally 
tend  to  an  early  flakiness,  and  not  unlikely  carry  it  too  far.  The  salt 
proportion  need  not  be  altered,  unless  no  whey  has  been  used,  in  which 
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case  it  may  be  increased  by  a quarter  oz.  to  one  oz.  for  every  pound  (as 
calculated  by  common  rule),  and  according  to  difference  between  the 
fermentations.  According  to  the  final  relations  of  the  two  fermenta- 
tions will  be  the  rate  of  curing,  but  it  is  not  possible  to  foreshadow  the 
effects  on  flavour,  solidity,  and  keeping  quality  beyond  the  general 
tendencies  of  the  varying  combinations.  With  the  C.F.  finally  ahead 
the  cheese  will  be  ready  earlier  than  usual  ; with  the  L.A.F.  brought 
up  to  level,  the  result  will  be  mainly  like  a good  sour  cheese. 

(c.)  Milk  affected  by  Putrefactive  Taints. — The  ferments  which 
cause  diseases  of  milk  have  been  already  discussed.  We  may  there- 
fore proceed  to  describe  the  relations  which  they  bear  to  the  friendly 
ferments,  and  find  in  these  the  clue  to  the  best  management  possible 
in  the  case.  These  relations  may  be  classified  as  ( a ) association  with, 
and  ( b ) conquest  of,  the  friendly  ferments.  The  first  relation  is  by  far  the 
most  common — the  two  classes  existing  side  by  side,  and  varying  in 
their  relative  influence  ; the  latter  is  less  frequent,  and  we  have  not 
met  with  any  case  of  complete  absence  of  L.A.F.  with  the  presence  of 
the  taints.  It  is  easy  to  account  for  this,  for  the  friendly  ferments 
being  universally  present  it  is  simply  a case  of  numerical  proportions, 
or  favourable  conditions,  determining  the  chances  which  the  unfriendly 
microbes  shall  have  of  increasing  in  number  and  damaging  the  milk. 
It  would  seem  from  all  observed  facts  that  the  two  classes  are,  in  a 
certain  sense,  in  competition  ; and  it  is  distinctly  providential  that  the 
friendly  ones  are  generally  the  most  powerful.  But  there  are  cases  in 
which  the  bad  take  the  lead,  and  defy  the  dairyer  to  put  them  down 
by  any  practicable  means  of  encouraging  the  good  ones.  When  such 
cases  arise  no  really  useful  cheese  can  be  made,  at  least  with  present 
knowledge. 

When,  however,  there  is  sufficient  lactic  acid  present  to  prove  the 
activity  of  its  producing  ferment,  there  is  hope  for  the  result  ; and  if 
the  acid  is  equal  to  the  taint,  and  not  more  than  should  accompany 
ripeness,  the  outlook  will  be  fairly  satisfactory,  and  still  better  as  the 
taint  fermentation  is  weaker.  The  cheese  cannot  be  strictly  fine  in 
any  case,  but  the  taints  may  be  well  brought  under.  But  when  the 
taint  ferments  are  beyond  the  limits  named,  it  is  best  to  have  the 
L.A.F.  well  up  with  them,  when  a good  sour  cheese  may  be  made, 
with  probably  a peculiarity  of  taste  which  cannot  be  always  absolutely 
got  rid  of,  but  better  than  anything  otherwise  possible.  The  dairyeds 
policy  throughout  is  to  help  the  friendly  ferments  to  conquer  the 
others,  and  this  was  followed  long  before  any  explanation  of  its  effec- 
tiveness was  known.  “ Fight  taints  with  acid,”  said  the  factory 
managers  making  under  the  American  system  ; and  though  carried  out 
in  the  dark,  the  rule  proved  very  valuable  with  their  frequent  bad 
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curds.  There  are  of  course  limits  to  its  application,  but  the  principle 
is  sound.  With  this  in  view,  we  may  describe  the  management. 

The  presence  of  a taint  being  discovered  before  coagulation,  varia- 
tions may  in  some  cases  be  made  in  preparing  for  the  renneting.  If 
the  acidity  is  below  the  ripeness  stage,  then— even  though  the  ferments 
may  be  liable  to  cause  quick  coagulation — sour  whey  in  the  ordinary 
proportions  may  be  used  to  advantage.  The  effects  of  increased  speed 
of  progress  in  the  earlier  processes  will  be  more  than  counterbalanced 
by  the  quality  of  the  cheese.  It  must  be  ascertained,  of  course,  that 
the  whey  used  is  not  already  affected  by  the  taints,  which  may  in  some 
cases  reach  it  and  the  milk  from  the  same  source.  No  change  in  the 
rennet  quantity  is  necessary,  unless  there  is  good  reason  for  believing 
that  the  taint  ferments  are  akin  to  the  C.F.  in  action,  as  shown  by 
similar  experience.  In  such  case  the  directions  earlier  given  may  be 
followed.  Temperature  may  be  regulated  as  with  sour  milks,  when 
the  litmus  test  justifies  it.  The  heating  should  be  rapid,  and  the 
curding  test  kept  at  work  from  the  moment  of  renneting,  with  cautious 
stirring,  which  will  leave  the  coagulum  at  rest  at  a moment’s  notice. 

It  is  not  always  known  at  the  time  of  receiving  milk  that  anything 
is  amiss.  The  heating  brings  forward  the  evidence  in  hasty  coagula- 
tion, or  later  in  the  scalding,  with  a smell.  In  the  former  case, — the 
ripeness,  temperature,  and  rennet,  being  as  with  good  milk, — the  after- 
management must  supply  such  compensations  as  are  possible.  The 
introduction  of  sour  whey  in  the  course  of  breaking,  when  there  is 
reason  to  believe  that  the  taint  is  ahead,  may  be  properly  resorted  to. 

The  tendency  to  the  production  of  foul  gases  must  be  met  by 
breaking  more  finely  than  usual,  so  that  they  may  not  be  sealed  down 
by  the  heat  and  cause  a floating  curd.  This  makes  necessary  a more 
rapid  breaking  speed  than  with  a sour  curd,  but  the  loss  of  curd  and 
fat  is  better  than  the  mischief  which  the  taints  can  do.  The  “floating” 
does  not  always  accompany  even  the  most  advanced  taints,  but  there 
will  almost  invariably  be  some  gas,  of  which  much  less  will  be  retained 
in  fine  curd  than  in  that  of  ordinary  size. 

Unless  with  a special  fermentation  of  the  C.F.  kind,  the  hardness 
in  scalding  should  be  as  with  ordinary  curd.  The  vat  should  not  be 
co\  ered  after  scalding,  and  the  whey  should  be  drawn  as  soon  as  the 
curd  is  packed.  If  acid  is  in  excess  of  ripeness,  treat  the  curd  as  if 
sour  ; otherwise,  pile  and  help  it  forward  as  quickly  as  possible.  The 
standard  of  acidity  should  be  advanced  a stage  or  two,  according  to 
the  power  of  the  taints ; and  when  reached,  the  curd  should  be 
divided  and  aired  as  quickly,  and  in  as  small  size,  as  is  consistent  with 
he  maintenance  of  a safe  temperature. 

The  main  point  now  is  to  expose  the  curd  to  the  action  of  the  air 
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and  as  soon  as  it  is  dry  enough  it  should  be  ground  twice , and  shaken 
from  the  shovel  held  at  a good  height  over  the  vat  or  cooler,  with  a 
good  draught  passing.  By  this  means  the  volatile  products  of  fer- 
mentation are  burned  up,  so  to  speak,  by  the  O of  the  air,  and  the 
ferments  checked.  With  the  air-temperature  lower  than  6o°  F.  the 
curd  temperature  may  be  maintained  by  warm  water  under  the  vat, 
kept  at  from  8o°  F.  to  70°  F.,  according  to  need.  This  airing  should 
be  done  before  salting,  the  latter  having  a tendency  to  harden  and 
seal  the  curd  surface  so  that  gases  do  not  escape  as  before.  If  the 
drying  is  too  quick,  it  may  be  checked  by  sprinkling  with  water 
warmer  by  ten  degrees  than  the  curd  should  be.  The  proportion  of  salt 
must  depend  on  the  state  of  the  curd,  an  increase  of  from  j oz.  to  2 ozs. 
to  the  pound  as  calculated,  being  made  as  need  arises  with  the  wetness 
which  often  accompanies  a taint,  and  with  the  extent  of  the  final 
fermentation.  The  pressing  and  after-management  may  be  as  with 
sour  curds.  If  any  gas  forms  within  the  cheese,  it  should  be  set  free 
by  a skewer.  The  time  required  for  curing  will  vary  much  with  the 
fermentative  combinations,  and  it  is  useless  at  present  to  attempt  any 
settlement  of  the  matter.  The  character  of  the  curd,  as  seen  in  the 
light  of  the  general  teachings  on  fermentation,  will  enable  an  estimate 
to  be  made  in  each  case  consistent  with  the  facts. 

(d.)  Milk  affected  by  Non-putrefactive  Taints.^These  necessitate 
but  few  alterations  in  the  general  working  of  the  system.  When  the 
air-temperature  is  lower  than  that  for  pressing,  the  scalding  tempera- 
ture should  be  advanced  a degree  or  two  as  may  be  needful,  and  the 
curd  ground  twice,  and  a little  earlier  than  usual.  These  changes 
prepare  us  for  a thorough  oxygenation,  as  with  a putrefactive  taint,  the 
curd  being  exposed  to  the  air  (see  last  section)  for  the  removal  of  the 
odour,  and  this  before  salting.  With  the  precautions  noted,  there  will 
not  be  undue  drying  or  cooling. 

The  principles,  and  in  the  main  the  practices,  recommended  in  this 
chapter  for  the  purposes  enumerated  are  suitable  to  other  cheese- 
making systems,  with  such  modifications  as  may  be  consistent  with 
their  general  principles. 


CHAPTER  XIII. 


THE  CHESHIRE  SYSTEM. 

The  cheese  of  Cheshire  has  long  been  famous,  but  we  are  unable 
to  account,  even  with  probability,  for  its  origin. 

The  county  of  its  birth  is  an  undulating  plain,  almost  wholly 
occupied  by  the  rocks  and  soils  of  the  New  Red  Sandstone  system, 
the  latter  being  either  sandy  or  clayey.  These  soils  having  no  lime- 
stone materials  mixed  with  them  by  transportation  (as  in  Somerset- 
shire), would  not  be  the  best  for  cheese-making,  but  for  the  local 
practice  of  applying  lime  in  one  form  or  another,  that  now  most  in 
vogue  being  bone.  The  late  Mr  George  Willis,  one  of  the  greatest 
makers  and  teachers  of  the  system,  speaking  in  1884,  said,  “Draining 
and  boning  at  a cost  of  from  ,£8  to  £14  per  acre  are  the  foundations 
on  which  our  present  system  of  dairying  has  been  raised.  Rich 
pastures  make  rich  milk ; and  rich  milk,  if  rightly  handled,  makes 
good  cheese.”  The  proviso  in  the  last  sentence  shows  plainly  that 
the  speaker  did  not  believe  that  the  soil  solely  governs  the  cheese,  but 
that  correct  management  of  the  milk  was  also  essential.  The  practice 
referred  to  by  him  is,  however,  a valuable  example  of  the  proper 
treatment  of  land  naturally  deficient  in  lime,  and  liable  to  trouble 
the  dairyer  with  weak  curds ; and  the  results  prove  its  propriety. 

The  manufacture  has  not  as  yet  been  so  fully  systematised  as 
that  of  Cheddar  cheese,  and  there  is  a corresponding  looseness  and 
length  of  range  in  the  practices.  On  the  borders  of  the  home  dis- 
trict there  is  also  a mixing-  with  other  systems,  especially  with  the 
Staffordshire  making,  rendering  a correct  classification  of  the  goods 
difficult.  Here  too  the  results  are  not  ecjual  to  those  which  follow 
the  consistent  central  lines  of  management.  It  is  therefore  our 
business  to  point  out  the  leading  characteristics  of  the  cheese,  and 
their  causes  in  their  individual  and  combined  relations  ; and,  later, 
to  describe  the  practices  most  consistent  with  these  and  most  suc- 
cessful, with  the  hope  of  reducing  them  to  a common  basis. 

1 he  variations  in  making  Cheshire  cheese  make  it  also  difficult 
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to  give  its  correct  average  composition,  for  while  they  make  more 
numerous  analyses  necessary  to  such  a result,  there  is  a greater  lack 
of  reliable  figures  than  with  the  Cheddar  product.  The  following  is 
the  average  of  sundry  analyses  which  seem  worthy  of  notice  : — 


Water  - 

- 

- 

35-15 

Fat 

- 

- 

29.38 

Casein  - 

- 

- 

25.38 

Sugar  and  extractives  - 

- 

- 

5-77 

Salt 

- 

- 

i-75 

Ash 

2-57 

100.00 

In  the  light  of  this  table  the  character  of  the  cheese  will  be  under- 
stood. The  water  is  in  higher  proportion  than  in  Cheddar,  which  arises 
directly  out  of  the  larger  quantity  of  whey  retained  in  making,  and 
this  gives  a larger  yield  of  cured  cheese  than  is  possible  to  the  other 
system  when  carried  out  in  its  integrity.  This  commercial  advantage 
is,  however,  only  secured  by  the  sacrifice,  to  some  extent,  of  certain 
others  which  affect  the  food  value.  The  fat  and  casein  are  conse- 
quently in  lower  proportion,  and  the  ratio  of  the  former  to  the  latter  is 
i to  .863.  While  it  is  not  possible  to  give  the  composition  of  the 
original  milks;  judging  from  the  cattle  commonly  kept  in  the  county 
and  their  feeding,  there  is  every  reason  to  believe  that  the  milk  quality 
is  much  the  same  as  in  the  best  Somersetshire  pastures,  and  the 
comparison  is  therefore  fair.  Moreover,  the  result  is  just  what  might 
be  expected  from  such  milk  by  the  system. 

The  quantity  of  whey  in  the  newly-pressed  curd  was  very  much 
larger  than  that  in  the  cured  cheese  would  at  first  suggest.  The 
water  ratio  between  young  and  old  cheese  is  not  equal  in  the  various 
systems.  The  higher  the  proportion  of  water,  the  greater  is  the  pro- 
portionate loss  within  a given  time  by  expulsion  and  drying  ; so  that 
if  two  cheeses  started  with  a difference  of  six  per  cent.,  they  would 
in  three  or  four  months  after  be  not  more  than  two  per  cent,  apart  in 
this  constituent.  This  is  not  only  confirmed  by  the  actual  practice  on 
this  point,  but  also  by  the  remarkable  proportion  of  sugar  and  ex- 
tractives, including  lactic  acid  and  other  products  of  fermentation, 
which  is  about  double  the  Cheddar  average,  and  even  further  exceeds 
the  best  results  of  that  system.  The  whey  being  held  in  the  cheese, 
all  of  its  solids  remain  when  the  water  is  lost  in  curing,  and  are  mostly 
included  in  this  group  in  analytical  tables.  Part  of  the  sugar  is 
fermented,  but  by  no  means  all  ; and  the  more  is  retained  in  whey 
with  corresponding  after-loss  of  water,  the  larger  will  be  the  unfer- 
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merited  proportion,  because  when  the  limit  is  reached  by  the  ferments 
they  cease  their  work  of  conversion,  and  leave  the  balance  of 
sugar  to  the  action  of  the  13. A.  F.  and  other  miciobes,  and  these  after 
all  leave  a quantity  of  unchanged  sugar.  The  whey,  however,  is 
throughout  sufficient  to  encourage  a much  higher  fermentation  of  all 
kinds  than  in  the  Cheddar,  the  ferments  being  naturally  in  piopoition 
to  the  quantity  retained.  We  have  therefore  both  more  of  sugar  and 
of  the  products  of  fermentation  than  in  a system  which  makes  a point 
of  expelling  more  whey  from  the  curd.  The  proportion  of  salt  left 
finally  is  larger  than  in  the  average  Cheddar  ; but  here,  again,  there 
has  been  more  used  than  the  figures  suggest,  for  some  of  the  original 
quantity  has  passed  off  in  the  free  whey  lost  in  draining  and  pressing, 
of  which  loss  the  system  knows  more  than  the  Cheddar.  The  points 
of  a true  Cheshire  may  therefore  be  summarised  as  follows,  viz.  : — 

Tfie  quality  is  a little  lower  than  the  Cheddar  standard,  and  the  digesti- 
hi  1 ify.likcui  sfonjirronnt  of  the  higher  fermentation.  There  is  a greater 
liability  to  the  presence  of  mischievous  ptomaines,  and  the  flavour  and 
odour  are  distinctly  more  pungent  than  in  a Cheddar  of  equal  age. 
One  peculiarity  of  flavour  deserves  special  notice,  a sugary  sweetness, 
very  pleasing  to  the  average  palate,  and  due  to  the  proportion  of  sugar. 
This  is  not  to  be  confounded  with  the  nutty  flavour  of  the  Cheddar, 
being  very  distinct  from  it,  and  impossible  to  the  Cheddar  made  as 
herein.  The  keeping  quality  is  in  proportion  to  the  fermentation. 

The  texture  is  the  most  noticeable  characteristic,  being  loose  and 
flaky,  strikingly  unlike  the  Cheddar’s  smooth  solidity.  This  gives  a • 
softness  and  appearance  of  quality  which  is  considered  a special 
Cheshire  excellence  by  the  merchants  of  the  great  north-western 
towns,  who  object  to  the  Cheddar  as  too  hard.  The  size  and  shape 
are  commonly  similar  to  those  of  the  Cheddar,  though  the  upward  limit 
is  not  so  high ; this  is  natural,  in  view  of  the  lower  level  of  solidity. 

The  colour  is  usually  made  a brick-red  by  the  use  of  annatto,  to 
the  point  of  positive  disfigurement.  On  this  matter  in  a general  way 
we  have  already  delivered  ourselves ; but  the  grievous  experiences  of 
the  Cheshire  makers  justify  special  reference  to  it  here.  Long  ago 
the  trade  adopted  the  delusion  that  this  cheese  ought  to  be  highly 
coloured.  Whether  the  makers  or  the  buyers  were  originally  re- 
sponsible it  matters  not  ; the  latter  seized  on  the  notion,  and  the 
former  justified  thereby  their  continuance  of  the  foolish  practice.  It 
was  said  the  London  market  demanded  it,  and  in  those  days  the  great 
city  fixed  such  fashions  without  doubt.  The  makers  have  had  to  pay 
dearly  for  this.  A discoloration,  locally  called  the  “ Jading ” or  “flying" 
of  the  colour,  has  been  always  more  or  less  prevalent,  and  at  times 
has  taken  the  character  of  an  epidemic.  The  loss  caused  has  been 
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very  great,  for  whatever  gain  (!)  in  appearance  might  be  made  by  the 
practice,  it  is  certain  that  a mottled  colour  is  worse  than  a regular 
paleness.  Much  trouble  has  been  taken  to  conquer  the  evil  without 
giving  up  the  practice,  but  has  so  far  failed,  and  we  believe  it  to  be 
impossible. 

. There  are  several  causes  of  fading , most  of  them  arising  out 
of  errors  in  detail  in  the  manufacture ; but  there  is  at  least  one 
which  is  at  all  times  liable  to  arise,  viz. — the  presence  of  special 
ferments  feeding  on  the  vegetable  colouring  matter,  and  not  only 
reducing  this,  but  either  creating  mischief  in  the  substance  of  the 
cheese,  or  making  the  way  for  others  to  do  so.  Observation  has  led 
us  to  the  conclusion  that  though  these  ferments  may  be  present  in 
uncoloured  cheese,  they  are  inoperative ; and  a comparison  of  the 
experiences  of  the  makers  in  colouring  and  non-colouring  districts  and 
periods  strongly  confirms  it.  Nothing  is  more  reasonable  than  that, 
among  the  many  forms  of  microbes,  there  should  be  some  which  feed 
on  vegetable  substances  alone  ; and  a few  such,  it  is  believed,  are 
known  already.  If  our  belief  is  right,  the  fading  is  caused  by  such 
kinds,  in  which  case  the  only  real  cure  is  to  banish  the  annatto.  We 
have  known  the  goods  of  famous  makers  to  be  practically  spoiled  by 
this  cause,  and  with  wetness,  ill-flavour,  and  other  evidences  of  special 
fermentation  of  the  cheese  substance  in  proportion  to  the  fading.  So 
strong  and  so  justifiable  are  our  objections  to  the  use  of  colour,  that 
we  deliberately  withhold  any  directions  for  reducing  the  risks  of  dis- 
coloration, saving  the  only  effectual  and  sensible  advice  to  empty  any 
remaining  colour  on  the  rubbish  heap,  and  never  to  buy  any  more. 

An  average  milk  is  suitable  for  this  system. 

The  dairy  and  its  general  furnishings  may  be  like  that  for  the 
Cheddar  system,  with  the  single  addition  of  an  oven  (Fig.  140),  and 
such  alterations  as  arise  out  of  the  provision  for  heating  it.  This  is 
generally  so  set  as  to  derive  its  heat  from  the  kitchen  fire,  or  from  a 
circulating  boiler  at  its  back  ; but  as  it  ought  to  be  in  steady  operation 
by  night  as  well  as  by  day,  it  is  better  to  provide  for  its  being  inde- 
pendently heated.  It  will  be  best  described  along  with  its  use. 

The  standard  of  milk  ripeness  is  D (Colour-plate),  a little  lower 
than  that  of  the  Cheddar  system ; and  as  a consequence  the  manage- 
ment of  the  night’s  milk  should  be  confined  within  proportionately 
lower  limits  of  temperature.  The  practice  with  various  leading  makers 
ranges  between  6o°  and  70°  F.,  according  to  surrounding  conditions. 
The  aim  seems  to  be  to  secure  ripeness  without  special  treatment  in 
the  mixed  milk,  and  by  good  judgment  this  is  often  done  ; but  there  is 
just  as  much  need  to  guard  against  over-ripening,  and  on  the  other 
hand  to  obtain  full  ripeness  at  renneting,  as  with  any  other  system. 
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The  means  already  described  may  be  used  to  bring  up  any  deficiency. 
In  this  and  all  other  matters  which  have  been  earlier  discussed 
repetition  is  unnecessary,  and  we  shall  confine  our  attention  to  main 
principles  and  special  practices. 

The  temperature  for  renneting  ranges  from  75  F.  to  90  F.  We 
have  reason  to  believe  that  when  a lower  temperature  is  followed  a 
higher  standard  of  ripeness  accompanies  it,  or  is  proper.  It  would  be 
difficult  to  make  successfully  in  the  absence  of  such  a balance.  1 he 
general  custom  makes  the  temperature  from  85°  F.  to  90  F.  with  the 
lower  ripeness,  and  this  is  most  con- 
sistent with  the  after-practices.  By  the 
end  of  two  hours  from  coagulation,  the 
fermentation  has  reached  the  level  of 
the  corresponding  time  in  the  Cheddar 
system. 

The  rennet  is  estimated  to  produce  a 
curd  of  the  Cheddar  firmness  in  an  hour  ; 
and  the  calculation  based  on  the  time  to 
curding  is  the  same  in  both  systems.  The 
combined  effects  of  the  three  initial  items 
differ  from  those  of  the  Cheddar  method, 
according  to  the  upward  tendency  of  the 
heating,  and  that  of  the  ripeness  down- 
wards ; but  as  the  curds  are  differently 
treated  from  the  outset  of  whey  separa- 
tion, it  is  unnecessary  to  follow  out  the 
comparison  further. 

This  system  recognises  cutting  only 
as  the  means  of  dividing  the  curd,  and 
the  implement  mostly  used  consists  of  a 
frame  (<r,  Fig.  132)  12  to  15  inches 
square,  within  which  are  a number  of 
blades  crossing  each  other  at  squares 
of  1 to  ij  inch.  From  the  angles  of  the 
frame,  iron  rods  b rise,  meeting  in  the  handle  c,  the  height  of  the 
whole  being  3 feet  to  3 feet  6 inches,  according-  to  the  size  of  the  vat. 
When  a round  vat  is  used,  one  side  of  the  frame  a should  be  rounded 
so  as  to  fit  against  the  vat’s  side.  It  is  of  course  desirable  to  cut  the 
curd  as  evenly  as  may  be  at  all  points  of  the  process  ; but  it  is  not 
so  important  a matter  as  in  the  preceding  system,  because  uniformity 
can  be  much  more  easily  attained  with  cutting  than  with  splitting. 
The  cutter  being  set  against  the  side  of  the  vat,  and  sunk  through 
the  curd  to  the  bottom,  is  drawn  up  again  so  as  to  cut  the  cubes 
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Fig.  132. 

Cheshire  Curd  Cutter. 
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afresh,  as  in  Fig.  133,  this  saving  time  and  involving  less  waste  than 
by  causing  the  tool  to  return  in  its  old  track.  The  cutter  should 
cover  the  width  of  the  vat  in  either  two  or  three  times  its  own  width. 
Its  first  use  must  be  slow  and  gentle,  with  a later  increase  of  speed 
as  the  curd  grows  harder.  After  a few  rounds  of  the  vat  in  this 
manner,  the  tool  is  drawn  in  various  directions,  as  in  Fig.  134,  alter- 
nating with  a vertical  movement  which  brings 
the  curd  up  to  the  surface,  and  gives  the 
maker  an  opportunity  of  seeing  that  it  is 
being  uniformly  treated.  In  order  to  the 
least  waste  possible  the  edges  should  be 
keen ; and  in  this  respect  the  cutters  as  com- 
monly made  are  defective,  for  their  square 
edges  of  tinned  steel  cannot  fail  to  rasp  the 
curd.  The  Cheddar  round  edge  would  do 
much  less  mischief.  Some  makers  have 
adopted  the  knives  of  the  American  system 
(Fig.  135),  which  are  all  that  could  be  desired 
in  that  respect,  and  convenient  as  well.  The 
vertical  knife  a is  first  used  after  the  fashion  of  the  Cheddar  tool ; the 
horizontal  knife  b cutting  the  vertical  strips  into  cubes — somewhat 
irregular — for  the  curd  does  not  present  a rigid  body ; after  which  the 
knives  are  alternately  used  in  oblique  directions. 

Formerly  small  wires  were  used  in  the  frame-cutter  instead  of 
blades,  and  these  exercised  a similar  influence  to  the  larger  wires  of 


Fig.  133. — Curd-Cutting. 


Fig.  134.— Curd-Cutter— Second  Position. 

the  Cheddar  breaker,  though  in  a much  lower  degree,  not  only  because 
of  the  difference  in  size  of  the  wires,  but  also  because  the  curd  was  left 
in  larger  lumps.  With  equal  care  and  judgment  a good  cutting 
tool  would  do  better  work,  in  view  of  the  aims  of  the  system  to 
retain  a larger  proportion  of  whey.  1 he  final  size  of  the  curd  should 
be  a little  larger  than  the  “peas”  standard  of  the  Cheddar  method, 
and  yet  a little  larger  when  a wire  breaker  is  used. 
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When  the  curd  is  small  enough  it  is  allowed  to  sink,  and  when 
packed— which  takes  about  half-an-hour,  but  should  be  tested— it  is 
gathered  under  the  whey.  This  may  be  done  by  the  hands,  the  curd 
being  doubled  over  from  the  lower  end  of  the  vat  upon  that  at  the 
upper  end.  It  is  better  done  with  a “gatherer,”  Fig.  136— a per- 
forated tinned  sheet  a stretched  on  a 
light  iron  frame,  having  projections  b b 
which  rest  over  the  vat  sides,  with  thumb- 
screws c c which  hold  it  in  place  at  any 
point.  With  the  help  of  a second  person 
the  work  may  be  very  soon  done ; each 
having  one  hand  to  propel  the  gatherer, 
and  the  other  to  keep  it  at  the  right 
angle,  as  in  Fig.  137,  with  an  occasional 
touch  to  the  curd  to  prevent  its  rolling 
or  breaking.  When  the  curd  is  doubled, 
the  gatherer  should  be  fixed  in  place  by 
the  screws  ; and  the  hands,  or  a wooden 
rack,  pressed  on  the  curd  surface  to  settle 
it  in  place.  Here  it  remains  until  it  has 
reached  a stage  of  fermentation,  which  _ „ 

varies  with  different  makers,  but  which, 

to  be  consistent  with  other  points  as  here  given,  should  be  at 
least  equal  to  I of  the  Colour-plate.  Then  the  whey  should  be 
drawn,  and  the  curd  piled  deeper  if  the  air  is  below  60°  F.,  and 
covered,  the  vat  also  being  covered  with  its  boards.  In  some  dairies 
a separate  cooler  (Fig.  138)  is  used,  a large  cloth  being  spread  within 


Fig.  136.— Curd  Gatherer. 


Fig.  137.— Curd  Gatherer  in  Use. 


the  racks,  and  the  curd  piled  closely  within  it.  This  should  have  also 
a wooden  cover,  and  room  enough  beyond  the  racks  for  the  curd  to  be 
ground.  Since  in  the  old  method  no  heating  is  done  after  coagulation, 
the  propriety  of  the  higher  rcnneting  temperature  and  the  advanced 
stage  of  fermentation  will  be  seen.  The  curd  is  cut,  and,  where  no  sink 
is  used,  piled  afresh  on  a rack  (Fig.  1 12),  and  covered  again  ; and  this 
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may  be  repeated  if  the  curd  ripeness  is  not  reached  at  the  end  of  an 
hour  and  a half  from  the  removal  of  the  whey. 

The  next  stage  of  fermentation  is  shown  by  the  litmus  K (Colour- 
plate),  and  at  this  point  the  curd  may  be  ground.  If  the  ripening 
be  carried  beyond  it  there  will  be  a corresponding  tendency  to 
hardness  and  solidity,  and  the  texture  special  to  the  system  will  be 


lost.  It  is  still  wet  and  comparatively  soft;  and  in  the  ordinary 
cylinder  mill  is  liable  to  lose  a good  deal  of  fine  curd  and  fat  in  the 
whey  expressed  by  the  teeth.  Tearing  is  still  better  than  cutting  for 
the  sake  of  the  texture,  but  if  it  is  adopted  the  teeth  should  be  larger, 
and  the  cylinders  correspondingly  farther  apart  than  in  that  suitable 
to  the  dry  Cheddar  curds.  Attempts  have  been  made  to  introduce 

cutting  mills,  but  we  do  not  know  of  one 
which  properly  meets  the  case.  Apart 
from  the  improved  tearing,  the  best 
practice  is  gentle  crimming,  the  curd 
having  first  been  cut  into  3-inch  cubes. 
It  will  be  difficult,  if  not  impossible,  to 
avoid  some  loss  by  white  whey.  That  is 
one  of  the  disadvantages  of  the  system, 
but  it  need  not  be  so  great  as  it  com- 
monly is. 

The  proportion  of  salt  is  one  of  the 
mysteries  of  the  Cheshire  dairy,  and  has 
many  variations  according  to  the  practice 
of  the  individual  makers.  Such  a curd 
we  have  in  mind  should  receive  one  pound  to  every  forty 
gallons  of  milk,  the  great  excess — as  compared  with  the  Cheddar 
reckoning — meeting  the  higher  fermentation  and  the  loss  of  salt 
in  the  whey.  As  the  latter  item  varies  very  much  in  different 
dairies,  there  is  a like  variation  with  the  salt  proportion  also  ; and 
as  it  is  not  possible  to  describe  the  degrees  of  wetness,  we  must  leave 
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the  dairyer  to  follow  his  judgment,  with  the  light  given  here  and 
elsewhere  to  guide  him.  It  is  to  be  hoped  that  the  public  teachers 
will  succeed  in  reducing  the  wetness  to  a fixed  rule,  as  the  hardness 
of  the  Cheddar  curd  has  been,  and  so  secure  as  nearly  a uniform 
practice  as  may  be.  The  coarse-grained  salt  is  largely  used  with 
Cheshire  curds,  and  mixed  with  them  at  this  point. 

The  curd  is  next  put  into  a hoop  a (Fig.  139),  having  a deep  girth 
b,  and  numerous  perforations  which  admit  of  skewers,  c c,  being  thrust 
into  the  cheese  to  assist  in  removing  the 
free  whey  contained  in  its  crevices.  In 
this  hoop  the  cheese  is  put  into  the  oven 
(Fig.  140),  which  is  a cupboard  large 
enough  to  contain  one  or  two  cheeses,  the 
door  a providing  for  ventilation  ( see 
arrows),  the  gutter  b for  the  collection 
and  discharge  of  the  whey  drainings 
through  the  spout  c , and  the  hot-water 
pipes  d for  the  heating.  The  tempera- 
ture should  be  sufficient  to  secure  a steady 
contraction  of  the  curd  with  little  or  no 
pressure.  The  late  Mr  George  Willis 
used  to  say  that  a well-made  cheese 
should  go  together  without  pressing  ; but 
doubtless  this  will  depend  on  the  tem- 
perature used,  and  the  corresponding  rate 
of  fermentation  and  contraction.  The 
average  of  sundry  practices  makes  8o° 

F.,  with  a range  between  70°  F.  and  90° 

F. ; but  we  think  that  with  the  cheese 
made  as  above,  from  80°  F.  to  85°  F.  will 
best  meet  the  case.  A self-registering 
thermometer  (Fig.  24,  p.  108)  should  be 
employed.  Some  makers  use  the  water 
boiler  in  place  of  an  oven,  after  its  or- 
dinary use  is  over  for  the  day;  but  while  this  may  serve  as  a make- 
shift it  cannot  be  as  manageable  in  temperature,  and  therefore  not 
as  reliable,  as  a regular  oven. 

In  the  evening  the  cloth  is  changed,  and  the  cheese  replaced  in 
the  oven  ; in  the  morning  it  is  removed,  reclothed,  and  put  under  low 
pressure.  In  the  oven  a half-cwt.  is  ample  with  a curd  most  needing 
pressure,  and  one  cwt.  is  sufficient  to  commence  with  in  the  press. 
The  weight  is  increased  steadily  during  the  four  or  five  days  it  is  in 
press,  finally  reaching  a ton  with  all  cheeses  of  60  lbs.  and  upwards, 
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Fig.  140.— Cheese  Oven. 
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and  not  less  than  15  cwts.  with  lesser  goods.  In  respect  of  pressure, 
the  system  goes  beyond  the  Cheddar  practice  in  point  of  time,  but  falls 
behind  it  in  weight  applied,  and  this  is  proper  in  view  of  the  character  of 
the  curd  and  the  texture  desired.  A greater  pressure,  and  more  rapid 
increase  of  it,  would  tend  to  retain  an  excess  of  free  whey,  and  this 
could  not  fail  to  do  mischief,  encouraging  irregular  and  excessive  fer- 
mentation. However  the  systems  may  differ  in  their  aims  as  to  the 
proportion  of  whey  to  be  held  in  the  curd,  they  all  agree  to  expel  the 
free  whey  which  may  be  found  among  it.  The  Cheshire  system  seeks 
to  effect  this  expulsion  slowly,  but  none  the  less  thoroughly  in  time  ; 
and  here  may  be  noticed  the  old  rule,  that  a cheese  which  becomes 
concave  at  its  ends  is  a good  one,  while  one  which  rises  or  becomes 
convex  is  judged  to  be  inferior.  The  concave  surface  says  plainly  that 
the  free  whey  has  well  escaped  ; and  the  convex,  that  it  is  retained  in 
sufficient  quantity  to  cause  undue  fermentation,  or  that  there  is  a taint 
at  work.  In  either  case  gases  are  formed,  which  cause  the  bulging, 
though  the  taint  is  undoubtedly  the  worst  of  the  two  causes. 

A steady  dripping  of  whey  during  the  pressing,  barely  ceasing  by 
the  end  of  it,  is  also  a sign  of  a good  curd.  The  whole  matter  is 
dependent  on  the  avoidance  of  haste,  and  excess,  in  the  application  of 
weight,  and  no  shortening  of  the  time  of  pressing  can  therefore  be 
made  without  constant  risk  of  damage. 

The  steady  draining  of  whey  makes  it  necessary  to  change  the 
cloths  daily,  otherwise  the  outside  of  the  cheese  would  be  sodden,  and 
the  separation  of  the  remaining  whey  hindered.  The  bandaging  must 
therefore  be  left  until  the  cheese  is  ready  for  the  curing-room. 

The  Cheshire  makers  lay  on  their  bandages  with  flour  paste,  a 
custom  for  which  we  have  so  far  failed  to  get  any  satisfactory  explana- 
tion. The  bandage  as  commonly  made  may  need  such  help  to 
adhesion,  because  it  is  not  sewn  to  fit  tightly;  but  the  paste  does  not 
help  the  cheese,  and  the  arrangement  is  clumsy  and  messy  in  spite 
of  the  fact  that  neat  dairyers  make  a presentable  cheese.  The  use  of 
a closely-fitting  bandage  drawn  on  a few  hours  before  the  cheese 
finally  leaves  the  press,  would  be  cleaner,  more  easily  applied,  and 
afford  a much  better  support  to  it. 

In  the  curing-room  the  goods  are  generally  laid  on  plain  shelves, 
or  on  the  floors,  and  turned  daily  for  the  first  month,  on  alternate  days 
for  the  next  month,  and  twice  weekly  afterwards.  They  are  laid  on 
straw  when  fairly  dry,  but  by  the  time  a true  Cheshire  comes  to  the 
straw  the  advantage  of  its  use  is  doubtful.  Whatever  purposes  it  is 
intended  to  serve  are  equally  procurable  on  dry  clean  boards,  in  an 
atmosphere  fulfilling  the  needs  as  to  temperature  and  humidity. 

The  curing  temperature  most  suitable  to  the  system  is  similar  to 
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that  of  the  Cheddar,  ranging  from  6o°  F.  to  65°  F. ; but  the  moisture 
should  be  a little  lower,  ranging  in  the  difference  between  the  hygro- 
meter readings  from  4“  to  6°.  I here  is  reason  to  fear  that,  as  with 
makers  by  other  systems,  the  curing  conditions  are  neglected  ; but  it 
must  be  plain  that  with  so  large  a proportion  of  moisture  in  the  cheese, 
the  regulation  of  those  conditions  is  a matter  of  the  highest  import- 
ance. The  liability  in  this  case  is  to  an  excess  of  atmospheric 
moisture,  both  because  the  cheeses  need  less  than  Cheddars,  and 
because  they  give  off  at  least  50  per  cent,  more,  which  cannot  fail  to 
increase  the  proportion  in  the  air.  This  will  often  enough  be  in  the 
wrong  direction.  On  the  other  hand,  the  air  must  not  be  too  warm  or 
dry,  or  the  goods  will  crack.  The  tendency  to  this  is  met  by  greasing 
them,  in  which  case  the  material  used  should  be  simple  wholesome  fat, 
and  a little — well  rubbed  on — will  be  better  than  a much  larger  quantity 
lightly  applied.  The  time  of  curing  will  be  from  three  to  four  months, 
and  such  a cheese  will  improve  for  as  many  more.  Such,  however,  is 
the  loss  in  weight  that  modern  makers  clear  stocks  as  early  as  they 
can  be  carried  safely. 

We  may  now  describe  new  practices  arising  out  of  the  change 
from  the  round  wooden  vat  to  the  oblong  one  of  metal,  with  its 
convenience  for  heating.  One  of  these  consists  in  heating  the  curd  in 
the  whey,  somewhat  after  the  manner  of  the  Cheddar  system  of 
scalding,  but  with  much  less  stirring,  and  no  attempt  at  procuring 
any  special  degree  of  firmness.  This  takes  the  place  of  the  oven,  the 
temperature  being  raised  as  ih  the  following  table,  viz.  : — 


Air. 

Curd. 

65°  F. 

- 

- 

- 

- 

94°  F. 

6o°  F. 

- 

- 

- 

- 

95°  F. 

55°  F. 

- 

- 

- 

- 

96°  F. 

The  effects  of  such  temperatures  on  the  fermentation  is  similar  to  that  of 
the  oven  heat  at  80°  F.  applied  after  salting  and  lasting  fifteen  or  sixteen 
hours  ; and  the  contraction  of  the  curd  is  much  greater  also,  tending  to 
a dryness  by  the  time  it  is  ready  for  salting,  equal  to  that  of  oven-dried 
curd  when  ready  for  pressing.  A trained  judgment  will  doubtless 
make  equally  good  work  by  either  course,  but  the  old  method  is  the 
safest  in  most  hands.  There  is  some  difficulty  in  manipulating  curd 
of  such  large  size,  and  so  tender,  so  as  to  avoid  waste  on  the  one  hand 
and  over-heating  on  the  other.  Some  makers  stir  with  their  hands, 
laying  their  finger-tips  together  and  drawing  them  towards  themselves 
and  upwards  nearly  to  the  surface,  and  then  plunging  them  forwards 
and  downwards  again,  so  keeping  the  curd  in  a gentle  rising  motion. 
Others  use  an  old-style  wire  breaker,  or  even  a wooden  hay  rake. 
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The  hancl-stirring  needs  two  persons  for  the  time  ; either  of  the  tools 
make  one  sufficient ; but  the  latter  are  liable  to  cause  more  loss  of 
fine  curd  and  fat. 

Another  practice  is  to  heat  the  curd  to  about  90°  F.,  and  use  the 
oven  with  a temperature  of  70°  F.  to  74°  F.  to  complete  the  work. 
Either  method  will  serve,  though  we  fail  to  see  any  practical  advantage 
in  the  latter.  The  full  scalding  shortens  the  time  of  manufacture  by  a 
day,  and  is  entirely  consistent  with  the  principles  of  the  system;  the 
partial  scalding  effects  no  economy  whatever. 

The  system  as  described  is  calculated  to  produce  a typical 
Cheshire  cheese,  but  there  are  still  other  practices  which  deserve 
notice.  One  is  old,  and  still  followed  by  a considerable  number  of 
makers  in  the  early  autumn,  though  it  is  not  believed  to  work  well 
in  the  later  part  of  that  season,  when  a return  is  made  to  the  prac- 
tice given.  It  is  known  as  the  slow-ripening  process,  and  by  it 
some  of  the  finest  goods  possible  to  the  system  have  been  made  in 
past  years.  But  the  desire  for  an  earlier  turnover  of  capital  is  direct- 
ing attention  more  and  more  to  the  most  recent  or  “ quick-ripening” 
process.  Besides  these  there  is  the  Cheshire-Stilton  method.  These 
shall  be  dealt  with  in  the  order  given. 

Slow-ripening  Method. — This  proceeds  with  the  night’s  milk  as  the 
medium  or  standard  method  does,  but  uses  a rather  higher  renneting 
temperature,  averaging  90°  F.,  and,  with  a corresponding  decrease 
of  rennet,  produces  curd  of  ordinary  firmness  in  an  hour.  The 
curd  is  cut  to  the  size  of  small  peas,  some  makers  scattering  a 
little  salt  (apparently  no  definite  quantity  is  used)  over  the  whey 
during  the  division,  with  a view  to  check  acidity.  This  last  is  a 
questionable  practice,  and  might  advantageously  be  replaced  by  a 
better  management  of  the  initial  ripening.  The  heating,  whether 
in  vat  or  in  oven,  is  applied  as  earlier  described,  and  the  whey  re- 
moval and  piling  likewise ; but  the  salting  is  done  earlier  than  usual, 
the  curd  being  crimmed  for  the  purpose,  and  the  salt  proportion 
averaging  1 lb.  to  40  gallons  of  milk.  It  is  then  put  in  a cloth  or 
a hoop,  and  under  a pressure  of  28  lbs.,  for  an  hour,  when  it  is  crimmed 
again  or  ground,  and  sent  to  the  oven  under  a pressure  of  56  lbs. 
The  after-management  is  like  the  other  process. 

Quick -ripening  Method. — This  commences  like  the  others,  but 
uses  whey  to  forward  fermentation,  the  standard  of  milk  ripeness 
being  equal  to  that  of  the  Cheddar  system,  and  the  ripening  may 
be  safely  carried  out  as  there  advised.  The  renneting  temperature 
is  low,  78°  F.  to  8o°  F.,  but  the  rennet  is  in  great  excess,  some 
makers  using  as  much  as  5°  per  cent,  more  than  for  the  medium 
process.  The  curd  is  ready  for  cutting  in  treble  the  time  of  curding, 
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and  is  reduced  to  the  size  of  horse  beans,  when  it  is  allowed  to  sink, 
and  is  gathered  as  usual,  without  scalding.  The  standard  of  curd 
ripeness  is  equal  to  L (Colour-plate).  To  allow  for  the  great  excess 
of  whey,  the  salt  proportion  averages  2 lbs.  to  50  lbs.  of  curd.  For 
the  same  reason  the  pressing  is  lower  than  in  the  other  processes, 
and  the  draining  continues  somewhat  after  the  cheeses  have  reached 
the  curing-room.  In  other  respects  than  those  mentioned  the  man- 
agement is  as  in  the  other  cases.  The  cheese  is  ready  for  sale  in 
three  or  four  weeks. 

It  will  now  be  well  to  briefly  compare  these  methods.  The  most 
noticeable  feature  is  the  size  to  which  the  curd  is  cut  in  each  case, 
providing  for  the  retention  of  the  appropriate  quantity  of  whey  ; the 
after-processes  for  whey  extraction  being  alike,  though  differing  in 
extent.  The  pains  taken  to  expel  whey  and  discourage  fermenta- 
tion in  the  slow -ripening  process  also  belongs  to  this  connection. 
Next,  the  slight  reduction  in  the  rennet  proportion  of  the  slow- 
ripening,  and  the  great  increase  of  it  in  the  quick-ripening  method, 
and  with  these  the  variations  in  heating  are  consistent.  The  slow- 
ripening  process  approaches  the  most  nearly  of  the  three  to  the 
Cheddar,  the  quick-ripening  method  is  its  extreme  opposite.  The 
consistency  of  all  three  with  general  Cheshire  principles  must  be 
manifest. 

The  manufacture  of  quick-ripening  Cheshires  is  attended  by  sundry 
risks  and  forms  of  commercial  damage,  which  cannot  be  elsewhere 
so  fitly  considered  as  here.  It  may  be  freely  admitted  that  a greater 
yield  of  produce  is  made,  and  a better  price,  along  with  an  economy 
of  time  and  labour  in  curing.  The  bare  statement  would  seem  to 
establish  the  desirability  of  making  such  goods,  especially  from  the 
farmers  point  of  view,  but  it  does  not.  Against  these  items  must 
be  set  the  following,  viz.  : — 

(a.)  The  goods  are  subject  to  early  deterioration  ; and  if  not  sold 
and  used  on  the  improving  side  of  their  best  point,  they  are  a source 
of  serious  loss  to  the  maker,  the  trade,  or  the  consumer,  or  to  all 
of  them. 

(A)  The  increase  of  yield  beyond  the  reasonable  limit  is  entirely 
in  water,  and  there  is  no  advantage  in  that  excess  to  any  but  the 
producer.  Cut  cheese  in  the  hands  of  the  consumer  is  subject  to 
more  waste  by  drying  than  would  be  possible  with  a standard 
cheese,  and  the  shrinkage  in  the  hands  of  the  trade  is  unneces- 
sarily high. 

(c.)  The  better  price  is  due  to  the  state  of  the  market  when  the 
early  spring-made  goods  of  this  kind  come  into  it,  rather  than  to  any 
inherent  value. 
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(. d .)  The  excess  of  fermentation,  although  accompanied  by  an  excess 
of  rennet,  affects  the  food  value  prejudicially  ; and  the  moral  certainty 
is  that  the  consumer,  finding  the  tendency  of  the  cheese  to  interfere 
with  digestion  and  produce  nausea,  &c.,  will  gradually  cease  to  use  it. 
It  is  evidently  to  the  real  and  lasting  interest  of  the  Cheshire  maker  to 
encourage  the  use  of  cheese,  and  the  making  of  quick  ripeners  is  but  a 
means  of  “killing  the  goose  which  lays  the  golden  egg.”  It  will 
probably  be  answered  by  those  who  profit  temporarily  by  the  practice 
that  the  cheese  was  never  more  popular  than  now.  That,  however, 
has  been  true  with  many  other  things  just  before  their  collapse. 
Trading  upon  the  ignorance  of  the  people  is  growing  more  and  more 
dangerous  every  day.  They  are  learning  to  judge  better  of  the  value 
of  foods  ; and  although  the  day  of  enlightenment  may  seem  far  off,  it  is 
really  very  near.  The  people  will  not  much  longer  buy  whey  at  food 
rates,  when  its  presence  is  known  to  be  injurious  to  the  cheese  and  to 
themselves.  In  the  interests,  as  we  conceive,  of  the  makers  of 
Cheshire  we  offer  the  foregoing  facts  for  consideration,  and  with  the 
hope  that  they  will  take  the  higher  and  safer  ground  of  making  the 
best  food  within  the  possibilities  of  their  system,  and  so  maintain  their 
ancient  reputation  and  their  share  of  the  public  favour. 

The  Cheshire-Stilton  Method. — This  is  followed,  to  a small  extent, 
with  a view  to  the  production  of  a cheese  with  certain  characteristics 
of  the  two  systems  shared  in  common.  The  Cheshire  texture,  shape, 
and  outward  appearance  are  preserved,  and  the  main  lines  of  pro- 
cedure ; but  the  fungoid  moulds  of  the  Stilton  with  their  special  flavour 
are  secured  also.  We  have  already  shown  that  the  penicillium  moulds 
can  be  cultivated  in  any  cheese  ; but  this  being  the  common  practice 
of  the  Stilton  makers,  and  of  but  few  others  in  the  country,  the  com- 
pound name  chosen  is  appropriate.  The  management  is  like  that  for 
a slow  ripening  cheese  until  the  curd  is  salted.  Then  a quantity 
of  the  previous  day’s  making,  which  has  been  kept  partly  covered 
in  a stoneware  vessel  to  prevent  its  becoming  too  dry,  is  mixed  with 
the  new  product,  and  this  carrying  with  it  the  spores  of  the  mould 
starts  the  “fade”  as  it  is  locally  called.  The  proportion  of  the  daily 
curd  kept  over  is  as  follows,  viz.  : — 

Air  Temperature. 

65°  F. 

60°  F. 

55°  F. 

Certain  Continental  systems  pursue  a similar  course.  It  is  im- 
portant that  the  curd  should  be  certain  of  being  reached  by  the  spores  ; 
and  if  at  intervals  of  a few  days  a little  curd  be  kept  in  a separate 


Proportion  of  Curd. 
T 
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vessel  until  it  is  mouldy,  the  means  of  inoculation  are  always  at  hand. 
It  is  not  safe  to  expect  mere  exposure  to  the  air  to  secure  the  result, 
for  a varying  proportion  of  these  goods  fail  to  mould,  and  have  to  be 
sold  at  a low  price.  The  oven  is  not  used,  the  heat  being  destructive 
of  the  mould  spores.  The  pressure  is  low,  commencing  with  i cwt.,  in 
order  to  ensure  the  openness  so  necessary  to  the  mould  spreading, 
and  which  is  so  liable  to  be  lost  with  the  drier  curd  ; and,  as  a result, 
and  as  a guide  to  practice,  the  dripping  should  have  barely  ceased 
when  the  cheese  comes  from  the  press.  The  best  curing  is  done  in  a 
humid  atmosphere,  fully  equal  to  that  recommended  for  Cheddar 
cheese,  and  with  a temperature  ranging  between  57°  F.  and  63°  F. 

Finally,  a comparison  of  the  Cheshire  and  Cheddar  systems  will 
enable  us  to  estimate  their  relative  values,  and  teach  us  that  neither 
can  claim  in  full  all  the  cheese  virtues  and  economical  advantages. 
In  quality,  digestibility,  and  keeping  character,  the  Cheddar  holds  the 
first  place  ; but  in  cheese  yield,  and  softness  of  body,  the  Cheshire 
surpasses.  In  labour,  the  Cheshire  dairyer  gets  through  his  making 
earlier  in  the  day ; but  the  long  pressing,  and  many  removals,  and  the 
changing  and  washing  of  cloths,  fairly  balance  the  account.  It  is  out 
of  our  power  to  secure  all  the  good  points  of  both  methods  in  their 
highest  developments  by  any  compromise ; and  the  makers  of  both 
systems  are  recommended  to  stick  to  them,  and  do  their  best  within 
their  lines. 


CHAPTER  XIV. 


THE  DERBYSHIRE  AND  KINDRED  SYSTEMS. 

Most  of  the  remaining  English  hard-curd  systems  may  be  properly 
grouped  together.  They  hold  their  principles  in  common,  and  their 
practices  do  not  vary  more  than  those  of  Cheshire  makers  in  different 
dairies.  Their  products  also  are  made  either  into  small  cylindrical 
cheeses,  or  flat  and  thin  ones ; the  latter  being  probably  twenty  times 
as  numerous  as  the  former,  and  in  even  greater  proportion  by  weight, 
because  the  flat  cheeses  are  from  two  to  four  times  as  heavy  as  the 
others.  This  matter  of  size  is  determined  by  the  character  of  the 
curds,  which  could  not  be  safely  made  into  large  forms.  Nothing 
seems  to  be  known  of  the  origin  of  any  of  them  ; but  they  have  been 
followed  time  out  of  mind,  and  their  simplicity  confirms  the  probability 
that  they  are  as  old  as  either  of  those  already  described. 

The  Derbyshire  method  is  the  most  completely  typical  of  the 
group,  and  shall  be  first  dealt  with,  as  fully  as  is  requisite  for  practical 
purposes, — the  others  being  afterwards  compared  with  it,  especially  in 
the  points  of  difference.  As  they  are  all  alike  in  need  of  being 
reduced  to  a proper  basis,  the  same  course  will  be  pursued  as  with  the 
Cheshire  system. 

The  product  of  the  Derbyshire  method  comes  about  midway 
between  those  of  the  Cheddar  and  Cheshire  methods  in  proportion  of 
water  and  in  texture,  being  drier  and  more  solid  than  the  Cheshire,  and 
more  flaky  than  the  Cheddar.  In  food  value  it  holds  an  equal  place 
with  the  Cheshire  if  equally  well-made,  and  at  its  best  is  a fine  article. 
Commonly,  however,  it  is  inferior  to  either  ; and  while  we  have  known 
dairies  which  could  command  prices  equal  to  the  best  made  by  other 
systems,  we  have  generally  found  it  tough  and  soapy,  or  hard  and 
crumbly,  ill-flavoured,  and  unevenly  coloured.  There  is  no  explanation 
but  the  want  of  system  and  skill  in  the  dairy.  The  pastures  of 
Derbyshire  are  much  of  the  same  character  of  the  best  lands  of 
Somersetshire,  consisting  of  New  Red  Sandstone  soils,  skirting  and 
uniting  with  the  Carboniferous  Limestone  of  the  Peak  district ; and 
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we  believe  that  there  are  no  better  or  more  easily  managed  grass 
lands  in  any  part  of  the  country.  Experience  in  making  Cheddars 
from  the  milk  of  the  southern  part  of  the  county  has  taught  us  that 
the  soil  influence  is  the  same  as  on  the  Mendips, — the  casein  acting 
admirably  under  the  rennet,  and  with  standard  milk-ripeness  expelling 
its  whey  and  hardening  in  the  scald  in  about  the  same  time  as  in  the 
best  Somersetshire  dairies,  and  in  less  than  half  that  required  on 
ordinary  sandstone  or  clay  soils.  There  is  therefore  no  “ refuge  for 
the  destitute”  in  the  mysteries  of  land  and  herbage;  and  the  high 
possibilities  of  the  method  having  been  demonstrated,  we  see  no 
reason  for  allowing  it  to  fall  into  discredit  and  disuse.  The  milk  is  of 
much  the  same  quality  as  that  used  in  other  hard-curd  dairies,  and  is 
in  good  repute  with  the  town  trade  for  its  keeping  qualities.  Large 
quantities  are  despatched  daily  to  London,  Birmingham,  and  other 
populous  places.  Here  also  are  found  the  largest  proportion  of  British 
cheese  factories,  the  goods  in  which  are  made  on  the  American,  and 
not,  as  commonly  stated,  by  the  Cheddar  system. 

The  following  description  has  nothing  to  do  with  the  factory 
management  of  the  Midlands,  but  refers  simply  to  the  making  of  the 
true  Derbyshire  cheese. 

From  such  materials  as  are  at  hand  the  accompanying  table  has 
been  constructed  as  approximately  representing  the  average  composi- 
tion of  the  cheese.  The  eminent  chemists  who  have  analysed  the 
products  of  other  systems  have  largely  passed  by  this  article,  but  the 
figures  given  correctly  present  its  special  characteristics  of  composition. 


Water  - 

- 

35.00 

Fat 

- 

28.00 

Casein  - 

- 

29.00 

Sugar  and  extractives  - 

- 

4.00 

Salt 

- 

1. 15 

Ash  ... 

2.85 

100.00 

The  high  casein  ratio,  1.036,  is  partly  due  to  the  practice  of  skimming 
the  night’s  milk,  followed  to  some  extent  (though  the  average  reduc- 
tion of  the  fat  would  be  much  greater  if  it  were  commonly  done),  and 
partly  to  the  smaller  extent  to  which  the  casein  is  changed  by  its 
fermentation  into  fats.  The  sugar  and  extractives  are  in  much  higher 
proportion  than  in  Cheddar,  but  much  lower  than  in  Cheshire  cheese. 

The  Derbyshire  has  been  called  a “sweet-curd"  system  ; but  the 
term  is  liable  to  mislead,  by  conveying  the  impression  that  no  acidity 
is  developed.  True,  in  comparison  with  the  Cheddar,  the  production 
of  acid  in  the  early  processes  is  lower ; but  before  the  making  of  the 
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cheese  is  completed  the  curd-ripeness  standard  of  that  system  has 
been  passed,  to  reach  its  own,  which  is  K (Colour-plate)  by  litmus 
test.  One  of  the  special  causes  of  failure  has  been  the  insufficient 
encourag-ement  of  fermentation,  as  we  shall  presently  show. 

The  dairy  in  its  general  construction  may  be  as  for  the  Cheddar 
system  ; the  furnishings  special  to  the  case  will  be  described  in  order. 

The  management  should  secure  a state  of  the  night’s  milk  which, 
mixed  with  the  morning’s,  will  bring  the  whole  to  the  D standard 
(Colour-plate)  ; and  the  greatest  care  should  be  taken  not  to  exceed 
that  point,  the  possibility  of  compensation  being  very  limited  by  the 
principles  of  the  system.  But  if  the  state  of  the  mixed  milks  falls  short 
of  this  standard  of  ripeness,  it  should  be  brought  to  it  before  renneting, 
otherwise  the  whole  process  will  be  scarcely  less  hampered  by  the 
effects  of  an  ill  balance  than  in  the  preceding  systems.  It  is  safest  to 
err  on  the  lower  side  of  the  standard,  if  at  all  ; but  the  best  results 
cannot  be  uniformly  obtained  away  from  it. 

The  renneting  temperatures  are  as  in  the  accompanying  table,  with 
proper  variations  for  small  quantities  : — 

Air.  Milk. 

65°  F.  790  F. 

60°  F.  8o°  F. 

55°  F.  Si°  F. 

The  curd  firmness,  which  is  equal  to  that  of  the  systems  already 
dealt  with,  should  be  reached  in  an  hour  ; and  this,  with  the  low 
standard  of  ripeness  and  temperature,  makes  a higher  proportion  of 
rennet  necessary.  The  relative  and  combined  influence  of  the  three 
items  gives  the  rennet  the  leading  position  and  a start  which  would 
tend  to  softness  and  defective  texture  and  flavour  but  for  the  later 
acidity.  The  careful  covering  of  the  vat  is  of  the  utmost  importance,  and 
the  double-cased  vat  may  hold  water  kept  at  the  renneting  temperature 
with  advantage.  The  division  of  the  curd  is  as  is  in  the  Cheshire 
system,  the  fine  wire  breaker  being  much  used,  but  this  is  inferior — for 
the  system — to  the  cutter  or  knives,  for  the  curd  is  slow  in  hardening, 
and  more  liable  to  waste  than  a more  acid  curd  would  be.  It  should 
be  reduced  to  the  size  of  horse  beans,  and  then  allowed  to  sink.  The 
packing  will  be  rather  slow,  but  as  the  baling-out  of  the  whey  will  take 
some  time,  this  may  be  commenced  in  fifteen  or  twenty  minutes,  a 
hair  strainer  being  used  to  prevent  the  disturbance  of  the  curd  (Fig. 
96).  The  latter  part  of  this  work  is  but  slowly  done  by  hand,  and  the 
curd  is  much  exposed  to  the  air  in  any  case  ; it  must  therefore  be  as 
quickly  performed  as  possible,  without  waste.  The  curd  should  be 
pressed  by  the  hand,  or  by  a wooden  rack  (Fig.  1 12),  to  consolidate  it 
before  the  last  whey  is  removed,  and  afterwards  placed  in  a hoop  (Fig. 


THE  DERBYSHIRE  AND  KINDRED  SYSTEMS.  247 


1 19),  and  put  under  a gentle  but  increasing  pressure,  beginning  with 
14  lbs.  and  ranging  upwards  to  1 cwt.,  or  even  more,  before  the  end  is 
reached.  The  ancient  plan  was  to  press  with  the  hands  on  the 
follower,  and  when  the  strength  had  reached  its  limit  in  that  way  the 
dairymaid  knelt  on  the  follower.  It  was  observed  that  small  women 
were  unable  to  carry  the  work  so  far  as  was  desirable  before  the  cheese 
was  put  into  press  ; for  the  presses  used  were  of  the  old  stone  sort, 
which  could  not  be  regulated,  and  tended  to  seal  up  the  whey  in  the 
curd,  as  undue  pressure  at  first  does  in  a Cheddar.  More  weight  was 
needed  to  bridge  over  the  gap,  and  as  a heavy  woman  could  furnish 
this,  the  old  maxim  “ The  bigger  the  dairymaid  the  better  the  cheese,” 


Fig.  141.— Derbyshire  Cheese-making  Apparatus. 


came  into  use.  The  practice  gave  the  dairymaid  sore  limbs,  however, 
and  sundry  attempts  were  made  to  put  an  end  to  it.  The  best  of  the 
devices  for  that  is  the  apparatus  designed  by  the  late  Mr  Joseph  Harri- 
son of  Brailsford  (Fig.  1 41 ),  which  places  the  vat  (a)  upon  a frame,  from 
which  two  uprights  ( b b ) rise  to  a height  of  five  or  more  feet,  according 
to  the  diameter  of  the  vat,  and  support  two  transverse  bars  ( c d), 
which  are  largest  at  their  midway  points  where  a toothed  bar  (e)  passes 
through  them.  This  bar  is  raised  or  lowered  by  a wheel  (/),  worked 
in  turn  by  a crank  (g),  an  arrangement  which  gives  a much  quicker 
motion  than  a screw  could  do.  Upon  a boss  {l '1 ),  the  ends  of  two 
powerful  springs  (z  z)  press,  and  the  boss  is  controlled  by  a lever 
(/t),  while  a second  lever  (/)  controls  a pin  (2//),  which  catches  between 
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the  teeth  of  the  bar  ( e ) at  any  point  desired.  At  the  lower  end  of  the 
toothed  bar  another  short  bar  (n)  connects  it  with  a large  tinned  steel 
plate  ( o ),  which  is  fastened  to  a light  but  strong  frame  of  malleable  iron. 
The  joints  are  so  made  as  to  allow  this  plate  to  be  tipped,  so  as  to  put 
it  out  of  the  way,  while  giving  all  rigidity  to  it  when  in  use.  The 
plate  has  many  perforations,  of  one-tenth  of  an  inch  diameter,  which 
allow  the  whey  to  pass  through  it  when  it  descends,  and  it  should  fit 
the  interior  of  the  vat  as  closely  as  possible  without  actual  contact. 
The  vat  must  therefore  be  a true  cylinder,  and  if  a hot-water  case  is 
provided  it  must  be  under  it  only.  A tap  (J>)  just  above  the  level  of  the 
compressed  curd,  and  another  (r)  at  the  lowest  point,  should  be  pro- 
vided for  the  removal  of  the  whey.  The  bottom  should  be  flat,  and 
well  supported  by  a ring  ( s ) under  it  or  in  the  hot-water  space.  The 

use  of  the  apparatus  is  very  simple. 


The  plate,  with  a heavy  covering  of 
baize,  serves  as  a cover  for  the  new 
curd.  When  it  is  ready  to  cut,  the 
lever  (/)  is  pressed  down,  releasing 
the  catch-pin  {in),  and  with  the 
handle  (g)  the  bar  is  raised  as  high 
as  it  will  go  and  the  plate  tipped. 

The  curd  having  been  cut,  the 
plate  is  let  down  into  its  place,  and 
slowly  lowered  until  the  curd  will 
support  it  with  only  the  least  per- 
ceptible lowering  of  surface.  Then 
it  can  be  left  to  itself  for  ten  to 
fifteen  minutes  to  the  pressure  of 
the  plate  and  bar,  the  catch  pin 
being  fastened  back  to  allow  free  motion.  Then  the  lever  k 

being  pressed  down,  the  boss  h is  raised  an  inch  or  two,  and  the 

pin  in  being  released  it 
springs  pressing  on  the 
A repetition  of  this  at 
depress  the  curd  surface  below  the  level  of  the  tap  ft,  when  the  whey 
should  be  drawn  ofif,  and  the  pressure  continued  until  the  curd  is 
packed  firmly  enough  to  stand  without  support.  This  will  be  readily 
learned  by  observation.  The  plate  should  then  be  raised  and  tipped, 
and  a piece  of  the  curd  a foot  or  more  wide  be  cut  from  around  the 

tap,  as  in  Fig.  142,  and  placed  at  the  centre.  If  the  curd  around 

the  free  space  breaks  down  easily  under  its  own  weight,  it  needs 
more  pressure  before  removing  the  remaining  whey ; if  it  stands 
well,  the  whey  may  be  drawn  off",  and  the  curd  cut  as  in  the  illus- 


catches  in  the  teeth  of  the  bar  c,  and  the 
boss  force  the  bar  and  plate  downwards, 
intervals  of  five  minutes  will  by  and  by 


THE  DERBYSHIRE  AND  KINDRED  SYSTEMS.  249 


tration,  the  pieces  b b being  piled  quickly  and  neatly  in  the  middle. 
Then  the  pressure  may  be  gently  applied  afresh,  with  increase  until 
the  curd  is  spread  abroad  nearly  to  the  sides, — the  vat  frame  being 
tipped  an  inch  by  wedges,  so  that  the  expelled  whey  may  easily  drain 
away.  This  cutting  and  pressing  is  repeated  until  the  curd  will  bear 
crimming  without  loss  of  white  whey,  when  it  should  he  so  treated, 
and  put  into  a hoop,  and  under  a pressure  of  1 cwt.,  this  gradually 
increasing  to  3 cwts.  in  five  hours  after.  In  a system  which  works 
the  expulsion  of  the  whey  entirely  by  cutting  and  pressure,  it  is 
plain  that  the  weight  must  he  veiy  light  at  first,  and  gradually  in- 
creased as  needed,  hut  without  any  sudden  leap  of  even  a few  pounds 
from  one  stage  to  another,  until  the  curd  is  able  to  bear  1 cwt.  without 
loss  of  white  whey.  This  delicate  control  is  given  by  such  an  appar- 
atus as  we  have  described,  and  is  essential  to  the  usefulness  of  any 
invention  for  the  working  of  this  system.  The  shortening  of  the  curd 
exposure  also  helps  to  the  very  superior  result  which  follows  this  plan, 
as  compared  with  the  older  methods. 

Up  to  this  point  the  advance  in  fermentation  has  been  slow,  and 
the  curd  has  scarcely  got  beyond  the  Cheddar  milk  ripeness  (E, 
Colour-plate) ; but  being  sent  to  press  without  salting  it  will  ripen 
at  such  a rate  that  by  the  next  morning  it  will  show  L (Colour-plate) 
by  litmus.  A small  surface  of  the  cheese  being  exposed  by  shifting 
the  cloth,  and  a slit  cut  in  it,  the  litmus  paper  should  be  pressed 
between  its  sides.  If  the  stage  given  is  not  reached  it  should  be 
returned  to  press.  The  time  necessary  to  attain  ripeness  may  easily 
be  learned  by  observation,  and  the  probabilities  of  temperature  in- 
fluence during  the  making  and  following  night  should  be  watched 
as  well.  If  the  fermentation  has  exceeded  the  proper  stage,  a slight 
increase  of  salt  will  check  it  ; but  as  it  will  also  tend  to  dry  the  cheese 
unduly,  it  cannot  be  a proper  compensation. 

The  consequences  of  under  or  over  ripening  are  as  in  other 
systems.  The  former  is  the  more  common  experience  ; the  result 
of  starting  with  too  low  a fermentation,  of  the  loss  of  temperature 
in  the  course  of  the  work,  of  being  in  too  great  haste  to  salt,  of 
salting  by  rule  of  time  or  insufficiently  or  unevenly,  &c.,  and,  in  no 
small  number  of  cases,  due  to  the  fear  of  over-ripening,  and — for 
want  of  means  of  testing  progress  and  of  regulation — falling  short 
of  the  proper  condition  for  safety’s  sake.  Hence  the  soapy,  dis- 
coloured cheese  so  often  found  under  this  system.  In  support  of 
this,  great  benefit  has  been  obtained  by  the  practice,  occasionally 
met  with,  of  keeping  over  a quantity  of  unsalted  curd  from  one 
day  to  the  next  to  mix  with  the  new  curd  before  sending  it  to 
press.  What  is  this  but  the  introduction  of  a considerably  fer- 
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merited  curd — for  the  curd  so  kept  is  distinctly  acid — into  one  which 
has  but  the  beginnings  of  fermentation,  and  this  instead  of  putting 
whey  into  the  milk?  The  difficulty  of  estimating  a day  beforehand 
the  quantity  of  curd  required,  with  all  the  uncertainties  of  changing 
conditions  affecting  the  rate  of  fermentation  in  the  old  and  the  new 
curds,  will  occur  to  the  reader.  Nevertheless,  some  of  the  best  cheeses 
made  by  the  system  have  been  treated  in  this  way  ; and  Professor 
Sheldon  quotes,  in  “Dairy  Farming”  (Cassells),  an  increase  of  price 
in  one  dairy  of  1 5s.  to  20s.  per  cwt.,  directly  following  on  the  adop- 
tion of  this  plan.  The  proper  ripening  of  the  milk,  and  the  after- 
management  on  the  lines  already  laid  down,  must  needs,  however, 
give  much  more  uniform  results  than  this  practice,  and  in  this  way 
the  Derbyshire  maker  may  move  towards  certain  and  permanent 
improvement. 

Another  item  in  the  past  and  present  practice  must  be  noted. 
Most  of  the  cheese-making  is  done  in  the  farm  kitchens.  For  several 
reasons  earlier  discussed  this  is  not  desirable,  but  in  this  particular  case 
it  has  an  important  influence  on  the  work,  and  one  we  believe  seldom 
if  ever  suspected.  The  kitchen  is  generally  the  warmest  room  in  the 
house  during  the  hours  of  cheese-making,  and  being  used  much  in  the 
evenings  also  by  the  family  or  servants,  it  keeps  at  a comfortable  tem- 
perature during  the  colder  nights  of  the  making  season.  This  is 
specially  good  for  the  cheese  with  its  low  temperature  and  ripeness  ; 
and  the  remoVal  to  a separate  dairy  would  necessitate  either  a warm- 
ing of  the  apartment  at  the  colder  times,  or  a raising  of  the  initial 
conditions  favourable  to  fermentation,  in  order  to  balance  matters 
afresh. 

After  the  curd  ripeness  comes  the  salting.  The  method  practised 
from  time  immemorial  has  been  that  of  rubbing  salt  on  the  outside  of 
the  cheese,  or  immersing  it  in  brine,  or  bo:h.  Hence  in  part  the  shape 
of  the  cheese,  which  is  calculated  to  allow  the  salt  to  reach  its  middle. 
It  is,  however,  quite  certain  that  many  cheeses  are  never  so  pene- 
trated, and  that  all  the  rest  are  unevenly  salted.  Experience  proves 
what  common-sense  would  dictate,  that  it  is  impossible  to  properly 
season  the  inside  of  a cheese  without  over-doing  its  outer  portion  ; and 
some  makers  finding  this,  scatter  a little  salt  on  the  curd,  from  1 to  5 
ozs.  to  every  10  lbs.  of  curd.  Even  from  this  an  improvement  arises, 
but  it  by  no  means  properly  meets  the  case.  It  is  believed  by  some 
that  differences  in  soils  make  it  needful  to  vary  the  methods  of  salting 
in  different  districts,  and  even  on  adjoining  farms.  This,  however,  we 
are  convinced  is  a delusion  ; and  in  cases  where  one  method  answers 
and  the  other  fails,  a search  will  prove  that  the  secret  lies  in  the 
management.  It  is,  for  instance,  easy  to  understand  why  many  curds 
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made  from  unripe  milk,  or  salted  too  early,  and  so  damaged  in  curing 
by  a proportion  of  salt  which  would  have  been  suitable  to  a perfect 
curd,  may  be  helped  by  the  outside  salting  ; but  the  cure  is  not  to  be 
found  in  this,  with  its  unevenness  of  result,  but  in  the  proper  manage- 
ment of  the  fermentation  from  the  beginning.  In  the  calculation  of  the 
salt,  too,  no  invariable  proportion  can  be  used  unless  there  is  also  an 
invariable  condition  of  the  curd  as  to  fermentation  and  dryness  ; and 
yet  there  is  too  much  reason  to  believe  that  when  the  salt  is  mixed 
with  the  curd,  the  state  of  the  latter  is  not  generally  considered. 
There  is,  moreover,  an  impression  among  the  makers  that  the  adoption 
of  this  practice  would  spoil  the  goods,  or  at  least  involve  such  a revision 
of  the  management  as  they  do  not  care  to  undertake.  In  this  they  are 
mistaken.  The  only  necessary  addition  to  the  furniture  is  a mill  (Fig. 
1 15),  with  which  the  curd  should  be  ground  when  ripe,  being  torn  into 
pieces  of  two  or  three  inches  across  for  the  purpose.  With  only  the 
trouble  of  doing  this,  and  calculating  the  salt  by  a table  and  according 
to  the  dryness  of  the  curd,  and  without  the  sacrifice  of  a single  essen- 
tial principle,  the  change  can  be  made  ; and,  as  we  know  from  experi- 
ence, with  entire  and  permanent  benefit.  We  will  not,  therefore,  waste 
space  by  describing  the  old  methods,  but  recommend  the  employment 
of  1 lb.  of  salt  to  50  gallons  of  milk,  with  slightly  increased  propor- 
tions according  to  need.  The  size  of  the  cheese  may  then  be  increased 
without  danger,  even  to  Cheshire  proportions  if  desired  ; and  this  also 
with  benefit,  because  with  less  waste  by  shrinkage,  and  more  perfect 
curing. 

By  the  use  of  lever  presses  the  last  pressing  may  be  more  perfectly 
done  than  with  those  of  stone  ; but,  as  with  Cheshire  cheese,  the 
increase  must  be  slow,  taking  from  four  to  five  days,  and  the  figures 
given  for  that  system  is  appropriate  with  this.  The  temperature  is 
never  likely  to  be  too  high  for  pressing  under  the  main  conditions  of 
the  system  and  in  this  climate,  but  the  upward  limits  should  not  exceed 
those  of  the  Cheddar ; and  of  the  curing  temperature  the  same  may  be 
said.  The  danger  is  in  the  other  direction  ; and  it  must  be  clear  that 
too  low  a temperature  in  either  case  would  do  more  mischief  than  with 
a cheese  made  from  the  first  with  higher  temperatures.  The  necessity 
for  avoiding  this  error  is  therefore  urged,  and  any  reasonable  means 
for  bringing  the  curd  out  at  the  time  of  going  to  press  at  the  tempera- 
tures in  the  accompanying  table  should  be  used  : — 


Air. 

Curd. 

65°  F. 

60°  r. 

6o°  F. 

63°  F. 

55°  F. 

65°  F. 
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The  curing-room  should  not  fall  below  6o°  F.,  nor  the  hygrometer 
vary  more  than  40  F.  between  the  dry  and  wet  readings.  The  Derby- 
shire cheese  needs  more  air  moisture  than  the  Cheshire.  The  curing 
will  take  from  three  to  four  months,  and  improvement  will  follow  for 
as  many  more  ; but  the  thin  shape  allows  of  too  much  drying  to  admit 
of  profitable  keeping,  and  on  the  same  account  the  cheese  is  not  so 
palatable  after  the  limit  given.  In  the  face  of  long  usage  the  adoption 
of  the  Cheshire  size  and  form,  with  internal  salting,  is  desirable. 

The  yield  of  cheese  by  the  Derbyshire  system  is  between  the 
Cheshire  and  Cheddar,  but  comes  nearer  to  the  latter  because  of  the 
greater  drying.  In  labour  it  gives  less  than  the  Cheshire  in  the  earlier 
stages,  being  out  of  hand  an  hour  or  two  earlier  when  a proper 
apparatus  is  used.  There  is  no  oven-heating,  no  skewering,  and  only 
the  same  changing  of  cloths  as  with  the  Cheshire;  and  with  the 
salting  m the  curd,  the  time  and  toil  of  the  outside  treatment  is 
done  away. 

The  Lancashire  cheese-makers  follow  the  Derbyshire  system  in 
every  essential  point,  and,  so  far  as  we  can  leam,  even  in  the  details 
of  practice.  In  East  Staffordshire  it  is  also  commonly  used,  but  in  the 
north-western  part  of  that  county  the  tendency  is  to  the  Cheshire 
system.  In  North  Warwickshire  and  in  Nottinghamshire  it  is  the 
general  method,  gradually  mixing  with  or  melting  into  the  Gloucester 
in  the  former  case,  and  into  the  Leicester  in  the  latter.  To 
the  cheese-making  within  this  wide  field  the  foregoing  applies  as 
a whole.  No  small  part  of  that  district  lies  on  the  New  Red  Sand- 
stone soils,  concerning  which  the  remarks  on  Cheshire  soils  will  be 
useful. 

The  Leicester  System. — This  prevails  in  the  county  of  that  name, 
especially  in  its  western  part,  occupied  almost  entirely  by  the  Sand- 
stone formation.  The  eastern  part  is,  to  a like  extent,  occupied  by  the 
Lias,  and  is  the  district  of  the  Stilton  manufacture,  though  the 
Leicester  is  made  more  or  less  in  different  parts  of  it.  The  product  is 
more  flaky  than  the  Derby,  but  less  so  than  the  Cheshire,  and  in  all 
practical  respects  holds  an  intermediate  position  between  them.  The 
average  of  sundry  analyses  is  given  in  the  accompanying  table  : — 


Water 

- 

34-05 

Fat  - 

- 

28. 28 

Casein 

- 

28.50 

Sugar  and  Extractives 

- 

4.98 

Salt  - 

- 

I.  12 

Ash  - 

- 

3.07 

100.00 
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The  proportion  of  sugar  and  extractives  confirms  the  position  assigned 
to  it.  The  system  is  entirely  consistent  with  these  facts.  I he  dairy, 
as  for  the  Cheshire  system,  is  suitable  to  it.  A higher  fermentation  is 
secured  by  the  renneting  temperature  in  the  adjoining  table,  though 
some  makers  use  lower  ones,  and  draw  nearer  to  the  Derbyshire 
standard  : — 

Air  temp.  Milk. 

65°  F.  82°  F. 

60°  F.  83°  F. 

55°  F.  84°  F. 

The  half-way  point  is,  however,  very  desirable,  as  giving  a definite  and 
distinguishable  result,  and  this  is  only  attainable  by  the  higher  range 
given.  The  standard  of  milk-ripeness  should  be  D (Colour-plate),  and 
the  rennet  calculated  with  the  other  items  to  cause  curding  in  twenty 
minutes,  the  standard  of  curd  firmness  being  reached  in  an  hour,  as 
in  the  previous  systems.  The  curd  should  be  cut  rather  than  broken, 
and  reduced  to  the  size  of  horse  beans.  No  scalding  is  allowed,  but 
a second  heating  to  bring  the  contents  of  the  vat  back  to  the  renneting 
temperature  is  proper  whenever  more  than  a couple  of  degrees  Fahr. 
have  been  lost.  The  curd  should  then  be  allowed  to  settle  for  twenty 
minutes,  and  gathered  by  hand  or  plate  (Fig.  136)  under  the  whey,  after 
the  removal  of  which  it  is  cut  and  piled,  and  covered  until  it  is  ready  for 
the  next  stage.  The  curd  is  now  put  under  a gentle  pressure,  and 
this  increased  until  the  curd  ripeness  (K,  Colour-plate)  is  attained, 
when  it  is  ready  for  salting.  By  keeping  the  curd  up  to  its  first 
temperature  as  nearly  as  possible— water  kept  at  equal  temperature 
being  under  the  vat,  and  this  latter  well  covered — it  should  be  ready 
for  salting  in  the  evening  of  the  same  day,  just  as  the  Derby  with  its 
lower  temperature  and  whey  proportion  is  ready  on  the  following 
morning.  The  Leicester  makers  have  long  followed  the  Derby 
practice  of  outside  salting,  the  remarks  concerning  which  are  quite  as 
appropriate  in  this  as  in  that  case.  The  proper  quantity  for  such  a 
Leicester  as  we  have  before  us  will  be  1 lb.  of  salt  to  45  gallons  of 
milk.  All  the  after-management  should  be  as  with  Derbies. 

The  Gloucester  System.— This  is  mainly  confined  to  the  county 
of  its  name,  and  to  the  adjoining  north-western  part  of  Wiltshire. 
I he  product  is  an  advance  Chcddar-wards  from  the  Derby  standard, 
being  more  solid  and  less  flaky.  There  are  two  makes— the  “ single ” 
and  “ double ” Gloucesters, — about  which  very  erroneous  notions 
prevail  among  the  consumers.  The  most  common  is  that  the  former 
is  made  from  whole  milk,  and  the  latter  with  a double  proportion  of 
cream.  The  real  difference  is  in  size  only, — the  single  being  made  of 
14  lbs.,  and  the  double  of  24  to  28  lbs.  weight. 
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The  accompanying  tables  give  the  average  composition  of  the  two 
makes  : — 


Single. 

Double. 

Water 

27.66 

33-78 

Fat 

27.12 

27.19 

Casein 

38.OO 

31-50 

Sugar  and  Extractives 

3-05 

3-21 

Salt  - • 

I.26 

i-55 

Ash 

2.91 

2.77 

100.00 

100.00 

The  first  of  these  represents  well  the  modern  typical  “ single ,”  made 
from  the  night’s  milk,  creamed,  with  the  new  milk  of  the  morning,  the 
casein  ratio  being  1.438,  and  the  water  much  less  than  usual,  partly 
due  to  the  creaming,  and  partly  to  the  shape  of  the  cheese,  which  is 
seldom  more  than  2J  inches  thick.  In  earlier  days  the  practice 
of  skimming  was  little  resorted  to,  but  in  these  it  is  the  rule  rather 
than  the  exception,  and  the  cheese  has  largely  lost  its  old  reputation, 
and  goes  to  the  colliery  districts  of  South  Wales  for  a market.  The 
“ doubles  ” are  but  little  made  now — an  exception  this  to  the  law  of  the 
“ survival  of  the  fittest.”  Their  composition  shows  a moister  cheese, 
with  a casein  ratio  of  1.154,  showing  some  skimming.  The  capabilities 
of  the  system  are  equal  to  those  of  the  Derbyshire,  if  correctly  pursued, 
and  with  whole  milk  of  average  quality.  It  is  therefore  a cause  of 
regret  that  it  should  have  been  allowed  to  fall  to  its  present  level.  The 
only  difference  between  the  two  in  management  is  that  the  Gloucester- 
shire makers  use  a wire-breaker,  or  the  hand,  the  result  being  a loss  of 
the  moisture  and  flakiness  peculiar  to  the  cutting  systems.  With  this 
exception,  the  principles  and  practices  are  given  under  the  Derbyshire 
system.  One  peculiarity  of  this  make,  however,  must  be  mentioned 
with  condemnation, — the  practice  of  colouring  the  outsides  of  the 
cheeses  with  Indian  red  or  Spanish  brown,  or  a mixture  of  both 
rendered  with  beer,  and  so  giving  them  a distinctive  appearance  by 
which  the  public  are,  or  used  to  be,  guided  to  the  real  (?)  article.  It  is 
to  be  hoped  that  an  earnest  effort  will  be  made  to  restore  the  ancient 
reputation  of  the  cheese ; and  that  such  a decoration,  not  being  needed 
to  secure  its  credit,  will  be  discarded. 

The  Wiltshire  System. — This  was  probably  at  one  time  identical 
with  the  Gloucester,  for  even  yet  some  of  its  goods,  though  of  different 
shape,  are  made  in  that  way.  No  fairly  reliable  representative 
analyses  are  at  hand,  but  the  cheese  as  now  made  may  be  divided  into 
two  kinds, — (a)  the  flat  (or  “ double-  ” shaped),  or  deeper  cylindrical 
goods  of  Cheddar  diameter;  and  ( b ) the  small  cylindrical  cheeses 
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known  as  “ Wiltshire  loaves.”  The  former  are  made  as  the  Glouces- 
ter, with  one  exception,  and  that  a very  important  one.  From  the 
Cheddar  system,  whose  stronghold  is  the  neighbouring  county  of 
Somerset,  it  has  borrowed  the  principle  of  a second  heating  the 
average  temperature  used  being  90°  F.  ; and  this,  while  not  equalling 
in  its  effects  the  higher  scalding  of  the  Cheddar,  makes  such  a differ- 
ence in  the  fermentation  and  the  resulting  firmness,  texture,  and 
flavour,  as  to  justify  a distinction  from  all  others.  The  only  item 
which  needs  to  be  mentioned  is  the  standard  proportion  of  salt,  which 
is  best  fixed  at  one  pound  to  fifty  gallons  of  milk,  with  such  variations 
as  may  be  needed.  In  all  other  respects  the  principles  and  practices 
are  those  of  the  Derby  and  Gloucester  systems,  the  wire-breaker 
being  used. 

The  second  make  is  exactly  similar  to  the  Gloucester,  no  second 
heating  being  used.  Salting  on  the  outside  is  somewhat  practised, 
but  should  give  place  to  the  better  method  earlier  discussed.  The 
unsuitability  with  cheeses  of  nine  inches  diameter  and  equal  depth 
must  be  evident. 

The  Dorsetshire  System.— This — if  it  deserves  to  be  called  a system 
— has  reference  to  the  treatment  of  milk  that  has  been  more  or  less 
creamed,  the  county  producing  large  quantities  of  butter,  and  the  cheese 
being  regarded  as  of  secondary  importance.  The  stock  is  that  common 
to  the  other  systems  described  in  this  chapter,  but  there  has  been  more 
or  less  grafting  on  to  it  of  Cheddar  practices,  so  that  it  is  difficult  to 
bring  them  into  any  order.  Two  main  aims  are  kept  in  view — (a)  the 
retention  of  sufficient  moisture  to  ensure  a mellowness  of  the  cheese  ; 
and  ( b ) the  cultivation  of  the  blue  mould.  The  former  ( a ) has  been 
dealt  with  at  large  under  the  Cheddar  system  ; and  the  Cheshire, 
Derbyshire,  and  kindred  systems  have  illustrated  the  principle  with 
variations  in  temperature  and  fermentation,  productive  of  correspond- 
ing variations  in  cheese  character.  It  is,  therefore,  unnecessary  to  go 
into  details.  The  general  result  of  the  Dorset  practice  is  a cheese 
with  a little  more  water  than  the  Gloucester,  but  inclined  to  a Cheddar 
texture  rather  than  to  flakiness.  The  latter  ( b ) is  supposed  to  be  a 
magnificent  mystery,  known  only  to  the  Dorset  makers,  and  worth  a 
fortune  to  its  possessors.  Unfortunately,  however,  for  this  notion,  it 
can  be  practised  with  any  British  system,  and  the  result  happens  occa- 
sionally in  all  dairies  without  any  attempt  at  cultivation.  The  grafting 
of  curds  kept  over  for  a day,  as  in  the  Cheshire-Stilton  practice,  is  all 
that  is  needed,  with  an  appropriate  management  of  the  curing  tem- 
perature. The  love  of  the  mould  flavour  in  the  case  of  the  Dorset 
gives  it  undeserved  favour  with  consumers  who  do  not  know  of  its 
origin. 
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The  Wensleydale  System. — This,  which  is  confined  to  a district  of 
small  farms  in  Yorkshire,  is  specially  adapted  to  small  quantities  of 
milk,  and  is  really  the  Derbyshire  system  with  wider  ranges  of  tem- 
perature to  allow  for  the  rapid  loss  of  heat.  The  largest  cheeses 
seldom  exceed  20  lbs.  weight,  the  smallest  weigh  so  little  as  7 lbs. 
each  ; and  are  of  variable  shape,  though  generally  inclining  to  that  of 
the  Derbies.  The  best  practice  may  be  reduced  to  a brief  statement 
of  the  points  in  which  it  differs  from  the  Derbyshire  system. 
Standard  of  milk  ripeness,  C (Colour-plate)  ; renneting  temperature, 
970  F.  Rennet  to  cause  curding  in  fifteen  minutes,  the  curd  being  cut 
in  forty-five  minutes,  and  broken  by  hand,  or  by  a small-wire  breaker. 
The  temperature  is  restored  at  the  end  of  breaking  by  hot  whey — old 
Cheddar  fashion.  Curd  put  under  pressure  of  7 lbs.,  increasing  to 
56  lbs.  Temperature,  82°  F.  at  hooping.  Removed,  crimmed,  salted, 
and  replaced.  Salt,  1 oz.  to  3 gallons  of  milk.  Final  pressing 
temperature,  60°  F. 


CHAPTER  XV. 


THE  STILTON  SYSTEM. 

We  have  now  to  describe  a system  which  differs  so  markedly  from 
those  which  have  gone  before,  and  is  of  such  importance,  as  to  need 
special  consideration.  The  Stilton  is  a modern  method,  dating,  so  far 
as  its  history  is  known,  only  from  the  middle  of  the  last  century.  Its 
procedure  is  so  unlike  all  others  of  its  own  age  in  England,  and 
possesses  so  many  points  in  common  with  certain  Continental  systems, 
that  we  consider  it  likely  to  have  been  imported.  So  persistent 
have  been  the  efforts  to  keep  it  as  a monopoly  of  the  original  district 
in  Northern  Leicestershire  and  West  Rutlandshire,  that  it  has  always 
been  difficult  to  obtain  information  concerning  it.  It  has  often  been 
asserted  that  the  real  product  cannot  be  made  out  of  that  district, — 
that  the  soil  and  herbage  are  different  from  all  others,  and  that  the 
secrets  of  the  manufacture  are  locked  up  in  the  bosoms  of  its  dairy- 
maids and  will  never  be  divulged.  But  in  spite  of  all  this  we  have 
tasted  Stiltons  made  far  away  from  Leicestershire,  of  as  fine  quality 
as  any  we  have  ever  seen  of  the  make  of  that  county. 

The  Lias  soils  are  found  in  other  cheese-making  districts,  and  with 
similar  herbage.  The  special  points  in  the  construction  of  the  dairies, 
and  in  the  system  itself,  are  within  the  reach  of  human  intelligence  ; 
and  the  application  of  scientific  principles  to  the  aims  and  practices 
now  known,  will  give  higher  and  more  uniform  results  than  have  been 
obtained  in  any  past  period.  But  for  commercial  considerations 
the  Stilton  might  easily  become  as  well  known  as  the  Cheddar  or 
American  cheese  in  the  markets  of  the  world.  The  dairy  suitable  for 
this  system  costs  much  more,  the  labour  is  much  greater  during  the 
making,  the  time  of  curing  is  longer,  and  the  cost  of  production 
proportionately  higher,  than  with  the  systems  already  described.  The 
prices  of  years  ago  paid  well  in  spite  of  all  these  things,  the  maker 
realising  tod.  per  lb.  ; but  we  are  assured  that  this  is  only  rarely 
obtainable  now,  and  that  at  times  the  price  has  fallen  as  low  as  6d. 
per  lb.  Calculating  upon  a reasonable  basis,  it  cannot  pay  the  maker 
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when  it  falls  below  8d.  per  lb.,  for  at  7cl.  it  would  scarcely  pay  for  its 
milk  at  cost  production  and  making  expenses.  There  should  be  no 
difficulty  in  securing  a paying  price,  for  the  article  is  a luxury  of  the 
highest  order,  and  people  who  desire  it  should  not  hesitate  to  pay  from 
iocl.  per  lb.  and  upwards  for  it.  It  will  probably  never  be  a cheese  for 
the  masses,  for  its  food  value  is  no  higher  than  the  average  hard-curd 
cheese,  and  this  points  to  a narrow  limit  of  increased  production. 
The  manufacture  should  only  be  undertaken  with  the  certainty  of  a 
sufficient  demand,  and  under  conditions  which  will  make  possible  the 
finest  quality. 

The  Stilton  is  known  by  its  drab  - coloured  wrinkled  skin  ; its 
texture,  which  tends  to  be  crackly  rather  than  solid  or  flaky ; its 
mould,  distributed  throughout ; and  its  flavour,  in  which  the  mould 
and  the  products  of  fermentation  mingle  to  produce  a combination 
only  possible  to  such  conditions.  The  material  is  either  whole  milk 
only,  or  this  with  extra  cream  in  varying  proportions.  The  cheese 
made  its  fame  with  the  latter,  the  highest  proportion  of  fat  allowed 
to  it  being  given  by  mixing  the  cream  of  the  night’s  milk  with  the 
whole  milk  of  the  morning, — an  increase  of  from  30  to  45  per  cent., 
according  to  the  average  size  of  the  globules  and  the  conditions  of 
creaming.  Hence  the  common  notion  that  the  product  is  a “cream 
cheese.”  It  is,  however,  not  usual  now  to  give  it  so  much  fat,  and 
the  extra  cream  more  likely  ranges  from  1 o to  15  per  cent,  increase 
on  the  average  milk  proportion.  The  original  milk  is  of  no  higher 
quality  than  in  other  leading  dairy  districts  ; and  as  the  average 
cream  yield  under  ordinary  conditions  is  from  10  to  12  per  cent.,  it 
may  be  taken  that  the  proportion  in  the  united  material  will  range 
from  11  to  14  per  cent.,  about  equal  to  3.50  to  4.50  per  cent.  fat. 
This  is  a much  lower  range  than  the  old  standard,  but  increases 
considerably  the  fatness  of  the  cheese,  because  of  the  increase  of 
the  solids  in  proportion  to  the  loss  of  water. 

The  following  analyses  by  the  late  Dr  A.  Voelcker  (R.A.S.E. 
Journal,  vol.  22,  part  1)  give  a good  representation  of  the  facts  of 
composition.  The  first  was  a comparatively  young  cheese,  selling 


at  a shilling,  and  the  second  an 

old  cheese  selling  at  fourteenpence, 

per  pound. 

1. 

II. 

Water  ... 

32.18 

20.27 

Fat 

37-36 

43-98 

Casein  ... 

24.31 

} 33-55 

Sugar  and  Extractives 

2.22 

Salt 

.89 

.29 

Ash 

3-04 

1. 91 

100.00 


100.00 
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Dr  Voelcker  noted  that  the  latter,  with  its  lower  proportion  of  salt, 
tasted  much  more  salty  than  the  former  with  three  times  as  much, 
and  properly  attributed  this  to  the  ammoniacal  salts  produced  in 
the  curing;  and  he  stated  that  he  has  found  in  old  Stiltons  as  much 
as  1. 81  per  cent,  of  ammonia  (NHa).  More  of  this  later;  but  it  should 
be  noticed  that  if  the  casein  proportion  of  No.  2 be  reckoned  as 
equal  to  that  of  No.  1 (.65),  though  by  reason  of  the  increase  of 
fat  it  would  naturally  be  lower,  it  will  have  7 per  cent,  of  sugar 
and  extractives,  proving  a high  degree  of  fermentation  with  no 
original  excess  of  whey,  as  shown  by  the  final  water  proportion, 
and  therefore  the  result  of  a low  salt  proportion.  This  typical 
example  leads  us  to  ask  what  the  effect  of  such  treatment  is  on 
the  food  value  of  the  article.  It  is  clear  that  the  casein  will  be  in 
a more  advanced  state  of  decomposition,  and  to  some  extent  there- 
fore more  digestible  than  in  No.  1,  but  the  pungent  NH3  salts, 
volatile  fats,  and  ptomaines  of  fermentation,  would  render  such  a 
cheese  altogether  unfit  for  the  use  of  many  consumers,  and  more 
or  less  mischievous  to  as  many  more.  There  must  also  be  some 
waste  of  the  casein,  which  would  be  a good  food  with  a lower  fer- 
mentation, but — with  the  higher — is  converted  into  products  of  little 
or  no  value. 

The  increase  of  fat  beyond  the  proportion  of  good  milk  does 
not  increase  the  food  value  as  much  as  is  usually  believed.  That 
butter  as  a luxury  is  worth  more  money  than  casein,  is  true  in 
these  days  ; but  pound  for  pound  it  is  of  far  less  value  for  the 
building  up  of  the  human  body.  Now  it  must  be  evident  that 
when  a certain  quantity  of  partly  creamed  milk  is  sent  to  the  pigs 
because  its  cream  is  wanted  to  enrich  the  morning’s  milk,  the  loss 
on  the  former  increases  the  cost  of  the  cheese  in  proportion  to  the 
cream  added  to  its  material.  In  view  of  the  real  difference  in  food 
value,  is  it  worth  the  while?  We  believe  it  is  not.  A cheese  of 
high  quality  can  be  made  from  good  whole  milk  without  such  waste  ; 
and  the  maker  who  follows  the  old  plan  should  calculate  the  loss 
arising  from  it,  and  claim  for  his  cheese  the  extra  price  which  will 
compensate  him.  If  that  is  not  obtainable,  he  will  do  well  to  fall 
back  on  the  plain  milk. 

Another  question  arises  out  of  the  assertion,  sometimes  made, 
that  the  finest  goods  can  only  be  obtained  from  the  milk  of  one 
farm,  or  even  of  one  milking.  The  influence  of  mixing  has  been 
already  discussed,  and  it  remains  only  to  be  said  that  there  is 
nothing  in  the  Stilton  system  to  justify  any  fear  of  it.  The  alleged 
necessity  for  using  milk  straight  from  the  cow  is  based  on  the  sup- 
position that  the  loss  of  “animal  heat”  is  detrimental,  if  not  fatal, 
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to  high  quality.  This  also  has  been  dealt  with  elsewhere,  and  we 
have  failed  to  find  any  special  reason  for  an  exception  in  the  case 
before  us.  If  it  be  shown  that  some  makers  have  succeeded  better 
with  fresh  milk  than  with  a mixture  of  night’s  and  morning’s;  or 
with  the  milk  of  one  farm  than  with  the  milks  of  two  farms  blended ; 
then  we  may  safely  say  that  the  explanation  is  to  be  found  in  the 
inability  of  those  makers  to  adapt  their  management  to  varying  con- 
ditions. With  fresh  drawn 
milk  there  must  needs  be  a 
modification  in  practice  ; we 
shall  not  waste  space  in  de- 
scribing it,  but  leave  those 
who  choose  to  make  cheese 
twice  a day  on  the  strength 
of  a foundationless  belief, 
to  judge  from  the  facts  of 
Chapter  VIII.  what  the  man- 
agement should  be. 

The  Stilton  dairy  differs 
so  much  from  those  of  the 
preceding  systems  as  to 
justify  a special  description. 
The  location  and  aspect  may 
be  as  before,  and  in  Fig.  143 
is  shown  the  best  arrange- 
ment of  the  interior  for  an 
equal  manufacture.  Entering 
the  boiler  room  A (10x5), 
we  find  the  boiler  (1)  with  its 
flue  (2),  its  feed  pump  (3) 
above  the  return  water-tank 
(4),  and  the  washing-tub  (5) 
and  rack  (6),  as  in  the 

Cheddar  dairy  (Fig.  32).  In 
F,g.  143.-ST.LTON  Dairy  Plan.  thfi  makjng.room  C (14  X lo) 

are  the  vat  (7),  draining  troughs  (8),  sundry  shelves  (9),  of  which 
there  should  be  several  tiers  fifteen  inches  apart  for  the  numerous 
stores  and  utensils  ; and  if  the  night’s  milk  is  set  in  pans,  these  will 
rest  on  shelves  over  the  draining  troughs  (8).  The  milk  is  delivered 
by  a conductor  through  the  window,  below  which  is  a platform 
(10)  protected  by  a projecting  roof  (11)  (as  in  Cheddar  dairy).  A 
desk  (12)  completes  its  furniture.  To  the  left  are  two  rooms  ; the 
first  D (12x8^)  being  the  draining  room,  fitted  with  racks  (13).  A 
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Fig.  144. — Air  Distribution. 


set  of  heating'  pipes  connect  directly  with  the  hot-water  boiler,  so  that 
this  room  may  be  warmed  separately.  A flue  leads  to  a revolving  venti- 
lator (Fig.  50)  on  the  roof.  We  next  reach  the  coating  room  E (12  x 5), 
also  fitted  with  shelves,  and  vendlated  like  D (15),  but  of  smaller 
size,  because  the  cheeses  do  not  remain  in  it  so  long.  The  drying 
room  F (22  ft.  x 7 ft.  9 in.)  occupies  the  whole  width  of  the  building. 
The  process  carried  on  in  it  necessi- 
tates a passage  of  air,  but  this 
must  be  under  complete  control,  and 
therefore  a special  provision  must  be 
made  for  it.  No  attempts  to  regulate 
the  air,  which  may  be  admitted  from 
without  by  windows,  perforated  zinc, 
wall  ventilators,  &c.,  can  be  altogether 
sufficient  at  all  times,  and  in  order 
to  the  best  results  we  recommend  the 
use  of  a fan  (Fig.  1 14)  with  a simple 
device  for  the  proper  distribution  of  the 
air  admitted.  A wooden  partition  at 

each  end  of  the  room,  6 in.  from  the  wall  at  the  west,  and  9 in.  from 
that  at  the  east  end,  makes  an  air  space  which  communicates  with  the 
outer  air  on  the  west  by  louvre  ventilators  (a,  Fig.  144),  behind  which 
are  sliding  shutters  (b)  to  allow  of  the  air  being  cut  off  if  necessary. 
The  ventilators  can  be  reached  by  little  doors  (c)  in  the  partition. 
There  should  be  three  sets,  two  feet  apart,  and  about  half  as  high 
above  the  ground  as  the  shelves  are  within  the  room, 
holes  (d)  of  four  inches  diameter,  and  covered 
with  perforated  zinc,  are  so  placed  as  to 
distribute  the  air  evenly.  The  hot-water 
pipes  c for  the  room  are  set  within  this  par- 
titioned space,  with  a door  (/)  to  reach 
them.  The  partition  at  the  west  end  is 
constructed  on  similar  lines,  but  there  is 
only  one  outlet,  where  the  fan  works.  So 
to  prevent  the  air  from  gathering  to  the 
points  nearest  to  the  fan,  instead  of  cover- 
ing the  whole  shelf-space  in  its  motion,  the 
draught  holes  (a,  Fig.  145)  are  set  vertically,  and  at  half  the  distance 
between  the  fan  (b)  and  the  wall,  and  a cross  partition  c supports 
the  main  partition  and  divides  the  air  in  the  space,  so  helping  to 
spread  the  draught.  The  fan  may  be  worked  by  a water-wheel  driving 
the  differential  pulley.  The  use  of  this  provision  will  be  explained 
in  its  place.  The  shelves  (16)  in  this  room  should  be  in  double  sets, 
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and  of  five  tiers  13  inches  apart,  placed  across  the  line  of  the 
draught. 

Beyond  this  room  is  the  curing-room  G (22  x 20),  similarly  fitted 
with  shelves  (17),  but  in  tiers  of  six,  a single  set  also  being  fixed 
against  each  end  wall.  Flues  (18)  to  a revolving  ventilator  on 
the  roof  work  with  the  heating  pipes  (19)  and  air  ingress  holes 
(20),  as  in  the  Cheddar  dairy.  In  placing  this  room  on  the  ground- 
floor  we  are  respecting  an  old  Stilton  practice,  which  seeks  the 
necessary  humidity  by  sinking  its  floor  a couple  of  feet  below 
ground  level.  We  do  not  believe  there  is  any  necessity  for  this,  and 
the  cost  of  the  building  is  considerably  increased  by  the  greater 
amount  of  foundations  and  roof  required.  A very  little  trouble  would 
meet  the  need  of  air  moisture ; or,  by  shortening  the  time  in  the  drying 
room  a little,  the  youngest  cheeses  entering  would  maintain  the  proper 
condition.  If  the  dairy  be  divided  into  two  floors,  the  rooms  F and  G 
may  occupy  the  upper.  The  provision  of  perfectly  jointed  ceilings, 
with  sawdust,  and  a lined  and  white-washed  roof,  is  as  necessary  with 
this  system  as  with  any ; and  in  order  to  perfect  control  of  the 
temperature,  which  must  have  more  limited  range  than  even  with  the 
Cheddar,  it  is  advised  that  rooms  D,  E,  and  G be  lined  (Fig.  28),  and 
with  C and  F,  be  provided  with  double  windows,  and  these  again  with 
thick  blinds  or  shutters.  The  room  B,  used  as  before  for  boilers  and 
coals,  needs  no  description,  beyond  the  fact  that  since  the  hot-water 
circulation  must,  in  part  at  least,  be  nearly  on  ground  level,  the  boiler 
(22)  must  be  set  lower.  A difference  of  three  feet  will  be  ample.  The 
arrows  show  the  direction  of  the  various  floors,  and  the  drains  are  laid 
as  in  the  Cheddar  dairy  (Fig.  32). 

The  management  of  the  night’s  milk  is  the  same  as  in  all  other 
systems,  and  where  creaming  is  done  on  the  old  lines  any  good  setting 
system  may  be  followed.  The  use  of  cold  water  will  make  the 
ordinary  double  vat  as  good  for  the  purpose  as  any,  and  for  enriched 
cheese  the  creamed  milk  may  then  be  drawn  from  under  the  cream  to 
any  desired  extent  by  slightly  opening  the  tap.  The  vat  may  be  made 
deeper  and  narrower  with  advantage.  When  the  whole  milk  only  is 
to  be  used,  the  agitator  (Fig.  77)  is  strongly  recommended.  Every 
precaution  against  ill  odours  should  be  taken.  Probably  the  neglect  of 
such  has  sent  some  makers,  after  sundry  disasters,  to  the  twice-a-day 
making  ; a very  costly  and  unnecessary  remedy. 

No  standard  of  ripeness  seems  ever  to  have  been  recognised  ; but 
that  one  is  as  necessary  as  in  any  other  case,  there  can  be  no  doubt. 
We  believe  that,  in  view  of  the  general  tendency  of  the  processes,  the 
standard  should  be  D (Colour-plate),  and  that  this  is  better  than  a 
lower  one  would  be,  with  more  latitude  given  for  after-fermentation  by 
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using  less  salt.  The  items  to  follow  will  be  made  consistent  with  this. 
The  temperatures  should  range  as  in  the  accompanying  table : — 

Air.  Milk. 

65°  F.  84°  F. 

60°  F.  85°  F. 

55°  F.  86°  F. 

and  the  rennet  should  be  sufficient,  with  these  conditions,  to  produce  a 
curd  of  the  same  firmness  as  in  previous  systems  in  an  hour.  Here  we 
differ  from  some  makers,  who  follow  a more  advanced  standard  of 
firmness  ; but  Continental  experience  with  kindred  systems,  shows  that 
the  best  goods  are  made  with  curds  not  exceeding,  but  falling  behind, 
the  Cheddar  standard ; and  some  of  the  most  successful  Stilton  makers 


confirm  this.  The  contents  of  the  vat  should  be  kept  as  closely  as 
possible  to  the  renneting  temperature  by  covering,  and  even  by  using 
water  of  equal  temperature  around  it  if  necessary.  The  proper  con- 
dition being  reached,  it  is  well  to  cut  the  curd  with  keen  knives,  such  as 
those  used  in  the  American  system  (Fig.  135),  thus  assisting  a little 


Fig.  147.  Frame  to  Carry  Perforated  Plate. 


the  expulsion  of  the  whey,  and  enabling  the  next  process  to  be  done 
without  waste. 

I he  draining  trough  (Fig.  146)  is  now  brought  into  use.  This  is 
best  made  in  two  parts,  the  outer  one  (a)  of  wood  being  28  to  30  inches 
wide  inside,  and  as  many  times  that  measure  in  length  as  may  be 
necessary  for  the  quantity  of  curd  made  at  the  height  of  the  season. 

ic  inner  case  of  tin  (b)  should  rest  on  the  outer  one,  sloping  inwards 
an  inch  and  half  on  every  side,  and  being  as  much  less  in  depth,  so  as  to 
allow  space  for  water  around  and  beneath  it.  At  an  inch  to  two  inches 
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above  the  bottom  of  this  case,  a plate  c (or  plates  if  the  vessel  is  more 
than  4 ft.  long),  with  coarse  perforations,  should  rest  on  a loose  frame, 
constructed  as  in  Fig.  147,  with  spaces  cut  on  the  under  sides  of  its 
cross-bars  to  allow  of  the  whey  draining  off  towards  the  spout  at  d 
(Tig.  146).  This  rack  is  necessary  to  prevent  the  plate  from  sinking 
in  the  middle.  The  total  depth  of  the  inner  case  should  not  be  less 


than  6 inches,  but  may  be  deeper  with  large  quantities  of  curd  up  to  10 
inches.  The  whey  outlet  should  be  made  as  in  Fig.  148, 
and  the  joint  with  the  outer  case  made  water-tight  with  a 
rubber  ring  and  white  lead.  An  overflow  pipe  Fig.  146, 
should  be  provided  for  the  water,  and  a tap  f for  removing 
it  finally.  The  inner  case  needs  a support  also,  as  shown 
in  Fig.  149,  but  this  may  be  fixed.  The  whole  should 
be  made  to  slope  a half  inch  in  every  28  inches  towards 
the  outlets,  and  stand  upon  a substantial  framework  g, 
making — with  the  trough — a total  height  of  three  feet. 
Squares  of  strainer  cloth  are  now  required,  of  45  to  48 
inches,  and  these  secured  by  pins  or  hooks  to  simple 
frames,  which  rest  upon  the  trough  as  in  Fig.  1 50.  The 
frames  must  be  as  wide  as  the  trough,  and  2 inches  longer 
than  that  width,  to  allow  of  their  projecting  an  inch  on  either  side.  Into 
these  cloths  the  curd  is  now  to  be  ladled  by  a bowl  as  quickly  as  is 


Fig.  148. 
Whey  Outlet. 
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Fig.  149.— Supports  of  Inner  Case. 


possible  without  waste,  distributing  it  equally  among  the  cloths  in  use. 
After  all  that  can  be  taken  up  by  the  bowl — with  the  vat  tipped — has 

been  got  out,  the  remainder  can  be 
removed  by  the  tap,  fully  open,  the  last 
being  gently  forwarded  by  the  hand, 
and  caught  in  a shallow  pan  placed 
close  under  the  tap,  so  as  to  prevent 
the  smashing  which  would  take  place 
with  a longer  fall.  The  vat  is  now 
done  with  for  the  day.  The  trough 
Fig.  150.— Strainer  Cloth  on  Frame,  should  now  be  covered,  and  if  the  air 

temperature  is  below  65°  F.  water  kept 
at  the  renneting  temperature  should  be  supplied  to  maintain  it.  The 
more  frequently  this  is  done  the  less  risk  there  will  be  of  mischief, 
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either  by  the  curd  getting  too  cold  or  being  over-heated,  or  unevenly 
heated,  in  bringing  up  the  temperature  afresh.  1 he  quantity  of  water 
and  frequency  of  removal  will  depend  on  the  air  temperature  ; but  if  it 
be  kept  within  two  degrees  of  that  for  renneting,  as  tested  by  drawing 
a little  from  the  tap  f,  there  will  be  no  difficulty. 

After  fifteen  minutes  of  draining,  the  frames  should  be  removed, 
and  the  cloths  tied  loosely  together  as  in  Fig.  151.  At  thirty  minutes 
from  the  first  covering  the  whey  can  be  drawn  off,  a con- 
ductor carrying  it  through 
the  coating-room  to  a re- 
ceiver outside  the  building. 

This  draining  must  be  re- 
peated at  increasing  in- 
tervals (the  whey  being 
expelled  less  in  proportion 
as  time  goes  on),  whenever 
it  has  nearly  reached  the 
plate,  and  the  plug  replaced  Fig'  151  CuRU  IN  Cloth. 

until  the  curd  can  bear  the  air  temperature  (which  should  be  from 
550  F.  to  6o°  F.)  without  harm.  As  the  contraction  of  the  curd  pro- 
ceeds, the  cloth  must  be  drawn  as  closely  around  it  as  may  be  without 
pressing  out  white  whey.  The  ends  being  untied  and  drawn  upwards 
with  the  right  hand  as  at  a (Fig.  152),  it  is  grasped  with  the  left  hand 
as  at  b,  as  closely  to  the  curd  as  will  give  the  proper  pressure.  Then 
the  right  hand  releases  the  ends,  and — passing  under  the  left — draws 
from  its  grasp  the  nearest  corner,  as  at  c,  and — giving  it  a slight  twist — 
carries  it  round  the  others,  leaves  it  for  a moment  to  be  held  in  place 
by  the  nearest  fingers  of  the  left  hand  as  at  d,  and  returns  to  take  it 
afresh  and  tuck  it  under  its  own  noose  as  at  e.  This  should  be  repeated 
at  intervals  of  half-an-hour,  one,  and  two  hours  respectively,  according 
to  the  state  of  the  curd,  which  can  be  judged  of  after  a little  experience 
by  the  looseness  of  the  cloths  showing  the  extent  of  curd  contraction. 

When  it  is  found  that  a four-inch  cube  cut  from  the  curd  will  keep 
its  shape  without  support,  the  whole  may  be  cut  into  blocks  of  that  size 
and  distributed  about  half-an-inch  apart  upon  the  plate,  which  should 
be  taken  into  the  coatingr-room  E,  so  that  the  making-room  may  be 
cleaned  and  aired  before  the  arrival  of  the  night’s  milk.  A light  tin 
cooler  of  the  same  width  as  the  trough,  and  long  enough  to  contain 
one  or  two  of  the  plates  as  may  be  needed,  will  be  very  useful.  Here 
it  should  be  kept  lightly  covered  with  a cloth  until  it  is  ripe  and  firm 
enough  to  be  salted.  This  will  usually  be  early  the  next  morning  ; 
but  the  probabilities  should  be  estimated,  and  if  ripeness  is  likely  to  be 
reached  during  the  night  a light  salting,  at  the  rate  of  from  a quarter  of 
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an  ounce  to  an  ounce  of  salt  to  every  ten  gallons  of  material,  according 
to  expectations,  may  be  applied,  the  balance  of  the  full  amount  being 
added  when  ripeness  is  secured.  Better  still  for  the  cheese,  the 
dairyer  may  turn  out  in  time  to  salt  it  in  the  ordinary  way.  The 
standard  of  curd-ripeness  should  be  K (Colour-plate),  and  the  salting 
at  the  rate  of  1 lb.  to  60  gallons  of  “double  cream”  material,  or 
to  50  gallons  of  whole  milk.  This  difference,  with  variations  suitable 
to  intervening  degrees  of  enrichment,  is  made  because  of  the  increase 
of  fat  out  of  proportion  to  the  casein,  and  beyond  the  limits  considered 
in  Chapter  VIII.  The  curd  is  gently  crimmed  to  fragments  as  large 
as  the  top  of  the  thumb  in  preparation  for  salting.  The  dryness 
of  the  curd  at  this  stage  should  be  uniform  from  day  to  day,  or  a 
suitable  difference  made  in  the  salt  quantity  if  ripeness  comes  before 
it  is  dry  enough.  The  curd  is  now  placed  in  the 
hoop  (Fig.  153),  which  may  vaiy  from  6 inches  to 
8^  inches  in  diameter,  and  from  10  to  13  inches  in 
height,  the  sizes  of  cheeses  produced  within  this 
range  being  suitable  to  its  character  and  the  demands 
of  the  trade.  The  curd  being  pressed  by  the  hand 
when  filling,  such  hoops  will  hold  enough  to  make 
cheeses  of  10  to  15  lbs.  in  weight.  For  uniformity’s 
sake  the  quantity  of  curd  which  the  moulds  used  will 
hold  should  be  ascertained,  and  weighing  practised. 

In  the  hoops  the  curd  should  now  be  taken  to  the 
draining-room,  and  kept  at  a temperature  of  65°  F.,  and  with  a 
humidity  equal  to  a difference  of  two  degrees  in  the  hygrometer  read- 
ings. It  is  customary  to  provide  wooden  shelves  ten  inches  wide, 
and  having  grooves  cut  in  them  to  carry  the  whey  drainings  to  a 
common  point  of  discharge.  These  are,  in  such  case,  covered  with 
cloths,  which  must  be  frequently  changed,  and  entail  a great  amount  of 
wear  and  washing.  A better  plan  is  to  provide  frames  only,  with  tin 
plates  (Fig.  154)  half-an-inch  wider  each 
way  than  the  diameter  of  the  hoop,  and 
having  three  sides  turned  up  and  the  re- 
maining one  turned  down,  so  as  to  carry  the 
whey  into  a shute  of  zinc  screwed  to  the 
front  of  the  frame.  This  shute  discharges 
into  a common  pipe  at  the  end,  where  a 
vessel  or  conductor  receives  the  whey. 

With  this  arrangement  no  cloths  are  Fig.  ,S4.-Turn>ng  Plates. 
needed,  there  is  no  soaking  of  the 

shelves  with  sour  whey,  and  the  plates  being  movable  can  be 
brought  to  a common  tub  for  cleansing  and  much  more  easily 
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kept  sweet, 
pressure  is 


Fig.  155. — Follower 
and  Hqok. 


They  also  take  the  place  of  followers  whenever 
not  required;  and  where  it  is,  a single  tin  follower 
for  each  hoop  is  not  enough,  but  specially  thick 
ones  (a,  Fig.  155)  should  be  provided,  one  or 
more  of  which  may  be  laid  on  the  cheese  ac- 
cording to  need,  and  drawn  out  by  the  hook  b at 
turning.  A few  dozen  of  such  followers  should 
always  be  at  hand. 

The  cheese  must  be  turned  in  the  hoops  three 
or  four  times  next  day.  At  the  early  morning 
turning,  the  hoops  should  be  washed  on  the  outside 
with  water  at  80°  F.  to  90°  F.,  and  the  plates  also 
cleaned.  For  this  a tub  should  be  brought  into  the  room.  In 
this  a stool,  with  a top  nearly  as  large  as  a turning-plate  and 
as  high  as  the  tub  is  deep,  may  conveniently  be  used.  A cheese 

with  its  plate  being  lifted  from  the  shelf  and  placed  on  this  stool, 

the  hoop  may  be  washed  down  with  a brush  and  wiped.  Then 
a clean  plate  being  laid  upside  down  on  the  top  of  the  hoop,  and 

held  in  place  by  the  left  hand,  the  right  hand  being  passed  under 

the  lower  plate,  and,  with  a firm  pressure  of  the  plates  against  the 
ends  of  the  hoop,  all  may  be  turned,  and  the  cheese  and  the  plate 
now  under  it  placed  on  the  rack;  the  dirty  plate  being  then  washed  in 
readiness  for  the  next  cheese. 

In  this  way  no  cheese  is  more  than  two  minutes  away  from  its 
place,  whereas  all  the  cheeses  on  one  of  the  ordinary  shelves  must  be 
removed  in  order  to  its  being  cleaned.  The  second,  third,  and  fourth 
turnings  should  be  made  at  three,  four,  and  five  hours’  intervals  from 
the  previous  turnings  respectively,  and  without  washing.  During  this 
period  skewering  should  be  practised  at  every  turning  and  once 
between  each  two  turnings.  Some  makers,  anxious  to  secure  the  blue- 
veined  appearance  caused  by  the  moulds,  when  the  latter  fail,  are  said 
to  use  brass  or  copper  skewers,  which — left  in  the  cheese  and  rusting 
under  the  action  of  the  acid  whey — give  an  imitation  of  the  colour,  but 
with  danger  to  the  consumer  by  reason  of  the  poisonous  nature  of  the 
rust.  It  is  to  be  hoped  that  nobody  will  ever  more  be  so  foolish.  The 
moulds  can  be  propagated  with  almost  infallible  certainty ; but  even  if 
this  was  not  so,  no  advantage  in  price  could  excuse  such  a practice. 
The  skewers  should  be  of  steel,  and  not  exceed  one-sixteenth  of  an  inch 
diameter.  In  the  absence  of  any  practical  pressure  the  importance  of 
this  skewering  is  great.  The  cheese  soon  shrinks  away  from  the  hoop, 
becomes  firm  though  elastic,  and  gets  a nearly  smooth  surface.  This 
generally  takes  from  four  to  six  days,  and  should  never  take  more  than 
eight  days.  We  have  heard  of  cases  in  which  twelve  to  eighteen  days 
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have  been  required,  but  there  could  not  have  been  any  necessity  for 
this  apart  from  bad  conditions. 

At  this  stage  the  hoop  is  removed  ; all  the  visible  crevices  sealed 
up,  by  drawing  a knife-blade  flatwise  against  the  cheese ; and  a 
bandage  of  grey  calico,  a little  wider  than  the  depth  of  the  cheese  and 
long  enough  to  allow  ii  inch  of  overlapping,  is  stretched  tightly  and 
pinned  securely  upon  it.  The  hoop  is  replaced,  and  it  is  sent  to  the 
coating-room  by  way  of  the  cupboard.  This  is  made  in  the  wall 
between  the  two  rooms,  and  has  a door  on  each  side,  and  shelf- 
room  enough  for  one  day’s  cheese.  Its  use  prevents  much  running  to 
and  fro,  and  admission  of  cooler  air.  The  bandaging  is  continued 
daily  until  a proper  coat  is  formed  ; but  by  the  second  day  after 
entering  the  room,  the  cheese  should  be  able  to  stand  well  with  only 
the  support  of  the  bandage,  and  the  hoop  may  be  removed  when  this 
is  found  to  be  the  case. 

The  coating  has  generally  been  done  either  in  the  draining-room 
or  in  the  making-room.  There  is  a risk  in  the  former  case  of  “ slip- 
coat"  which  arises  out  of  the  lodgment  within  the  skin  of  moisture 
which  ought  to  come  out,  and  which,  under  the  influence  of  the 
warmth,  produces  rapid  softening  of  the  casein  with  sliminess.  The 
skin  will  then  break  away,  and  the  moist  matter  must  be  removed  by 
scraping.  In  any  such  case  there  must  needs  be  waste  ; there  will  also 
generally  be  deterioration  in  the  value  of  the  remainder.  The  main 
cause  of  this  is  an  atmosphere,  by  no  means  dry  in  itself,  but  too  dry 
for  our  purpose,  forming  too  close  a skin  ; and  this  in  the  presence  of 
defective  contraction,  or  too  little  salt,  closes  in  the  whey  which  is 
working  toward  the  outside.  Skewering  has  now  ceased,  and  the  only 
preventive  is  a lower  temperature  with  maintained  humidity  ; and  this 
the  coating-room  affords,  being  kept  at  50  F.  lower  than  the  draining- 
room.  The  making-room  has  been  mostly  used  in  such  cases,  but  there 
is  a total  impropriety  in  keeping  cheeses  at  this  age,  and  so  affected,  in 
a room  where  milk  has  to  be  held  over-night.  The  special  apartment 
meets  the  case  well,  and  as  the  cheeses  remain  two  days  in  their  hoops 
there  is  no  sudden  lowering  of  their  temperature.  In  both  rooms  the 
ventilation  should  have  constant  attention.  The  coat  first  shows  itself 
by  dry  patches  on  the  bandage,  which  increase  steadily.  When  it 
covers  all  the  cheese  the  bandage  can  be  taken  off,  washed,  and  used 
on  others. 

The  cheeses  now  go  to  the  drying-room,  which  provides  a con- 
trollable draught  of  fresh  air,  for  the  cheeses  ought  now  to  be  dry 
enough  to  allow  of  their  skins  being  hardened  without  risk  of  slip-coat, 
and  the  remaining  moisture  must  be  treated  as  in  Cheddars.  They 
should  be  removed  in  the  evening,  so  that  they  may  become  accustomed 
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to  the  gentler  draught  of  the  night,  when  the  inlets  are  so  set  as  to  secure 
the  goods  against  mischief  from  any  unexpected  fall  of  the  temperature. 
In  the  morning  the  state  of  matters  should  be  early  examined,  and  the 
draught  increased  if  the  atmospheric  conditions  warrant  it.  The 
influence  of  the  draught  depends  on  its  temperature  and  its  dryness,— 
the  former  should  not  fall  below  550  F.,  and  the  latter  should  not  be 
such  as,  with  that  temperature,  to  produce  any  cracking.  Beginning 
with  a difference  in  the  hygrometer  readings  of  4°  F.  in  the  morning, 
the  drying  may  be  carried  on  to  6°  F.  difference  by  the  warmest  part  of 
the  day.  If  this  can  be  obtained  by  the  passing  air  only,  the  matter  is 
simple  ; but  if  not,  the  fan  should  be  brought  into  use.  The  drying- 
room  (in  Fig.  143)  is  arranged  to  admit  air  from  the  west,  from  which 
our  prevailing  winds  blow.  When  the  wind  is  in  the  other  quarters,  the 
fan  will  be  more  needed  to  induce  a draught  of  western  air,  as  usually 
warmer  than  that  from  the  north  or  east  winds,  and  cooler  than  the 
south  wind.  We  believe  that  with  such  a provision  the  time  of  drying 
can  be  materially  and  beneficially  shortened  ; but  there  must  be  a limit 
to  such  an  economy,  and  that  on  the  safe  side  of  any  cracking,  which 
would  not  only  make  the  cheese  too  dry,  but  also  open  a way  for  the 
flies  which,  with  the  judgments  of  true  gourmands,  seem  to  specially 
enjoy  a fine  Stilton.  Mites  also  share  the  same  taste,  and  make  more 
havoc  with  this  article  than  with  any  hard-curd  cheese.  The  variations 
within  the  correct  range  of  humidity  when  properly  graded  are  not 
injurious  to  the  goods  ; but  sudden  changes  must  always  be  avoided, 
especially  in  the  direction  of  increased  cold  and  dryness.  The 
appearance  on  the  outside  of  black  mould  is  a sign  of  too  much  air- 
moisture.  The  original  drab  colour  should  always  be  maintained. 

In  from  fifteen  to  twenty  days  the  cheese  will  be  dry  enough  to  go 
to  the  final  curing-room.  If  one  cheese  of  each  batch  be  bored  with  a 
trier,  not  cutting  more  than  a quarter-inch  diameter,  it  will  be  easy 
to  establish  a standard  of  dryness,  and  recognise  variations  from 
it  on  crushing  a small  fragment  between  the  finger  and  thumb.  From 
that  time  onward  the  cheese  should  be  kept  at  a temperature  of  55°  F. 
to  60°  F.,  and  with  a similar  humidity  to  the  coating-room.  The  ven- 
tilation must  be  carefully  watched. 

The  internal  mould  is  obtained  in  the  coating  and  draining  room, 
and  when  once  it  is  established  in  these  rooms  the  cheeses  will  seldom 
fail  to  contain  it.  In  every  new  dairy  it  will  be  necessary  to  encourage 
it  by  keeping  a little  curd  over  until  it  is  well  moulded,  and  scatter  the 
spores  from  it  around  the  new  cheese.  Doubtless,  too,  under  present 
arrangements,  some  inoculation  is  done  in  the  young  curd  in  the  vat 
or  draining-trough  by  floating  spores,  but  these  need  not  be  depended 
on  for  the  presence  of  the  mould  in  the  finished  product. 
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We  may  now  briefly  review  the  main  points  of  the  system.  Apart 
from  the  addition  of  cream,  which  is  not  an  essential,  its  main  business 
is  to  secure  a special  flavour; — and  in  order  to  that,  in  part,  a free  culti- 
vation of  mould  ; and,  in  other  part,  a fermentation  in  character  and 
degree  approaching  to  that  of  the  Cheshire ; and  in  order  to  the  spread 
of  the  mould,  a crackly  rather  than  a solid  or  flaky  texture.  Hence  the 
avoidance  of  a second  heating  and  pressure,  and  the  consequent  slow 
settlement  of  the  curd,  with  all  of  which  the  remaining  details  are  con- 
sistent. The  length  of  the  process  as  a whole  cannot  be  reduced 
beyond  the  limits  given  without  detriment  to  the  product. 


CHAPTER  XVI. 


CREAM  CHEESE. 


This  delicacy  is  made  by  most  town  dairymen  to  meet  the  ordinary 
and  very  uncertain  demand  for  it ; but  it  is  also  produced  in  some 
country  dairies,  and  in  cheese  and  butter  factories,  on  a larger  scale ; 
and  deserves  notice,  if  only  because  every  dairyer  is  liable  to  be  called 
upon  to  supply  it,  and,  being  a profitable  article,  he  should  be  ready 
to  do  so. 

First  Form. — There  are  two  kinds  of  cream  cheese.  In  the  first  form 
it  is  simply  cream  reduced  to  a certain  degree  of  solidity,  with  the 
effects  of  fermentation  added,  and  the  manufacture  is  of  the  simplest. 
The  cream  should  be  thick,  and  free  from  any  but  the  friendly  forms  of 
fermentation.  Cream  mechanically  separated  (see  Chapter  XVII.)  is 
best  for  the  purpose,  because  it  can  be  obtained  in  much  thicker  con- 
dition than  that  which  is  skimmed  from  set  milk.  This,  put  in  a clean 
earthenware  or  glazed  brown  ware  vessel,  should  be  left  in  a pure  air  at 
60°  F.  until  it  has  become  thicker  by  fermentation,  which  will  usually 
take  three  days.  It  should  then  be  poured  into  a deep  linen  bag  of 
fine  texture,  and  closing  with  a draw-string  ; and  in  this  hung  out  of 
contact  with  other  objects,  and  with  a vessel  under  it  to  catch  the  whey 
dripping  from  it.  The  bag  should  not  be  more  than  one-third  full. 
Here  it  will  in  two  days  become  a soft  and  comparatively  dry  curd. 

It  will  now  need  pressure  ; 
and  this  can  best  be  applied 
by  the  simple  device  shown 
in  Fig.  156.  It  consists  of 
two  boards  (a)  hinged  to- 
gether, and  grooved  on  their 
insides  ; the  grooves  on  the 
upper  board  furnishing  a grip 
for  the  bag  when  in  place, 
and  those  on  the  lower  one  a 
1 means  of  gathering  and  dis- 
charging the  whey.  A ledge 
and  spout  completes  the  pro- 
vision for  the  latter  purpose. 
A light  rack  ( b ) fits  within  the  ledge  when  in  use.  I he  cream  should 
now  be  compressed  by  hand  in  the  lower  part  of  the  bag,  the  loose 
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Fig.  156.— Cream  Cheese  Press  and  Rack. 
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part  tied  (as  in  Fig.  157)  as  closely  as  possible  and  placed  between  the 
boards  as  in  Fig.  158.  In  this  illustration  it  will  be  seen  that  the  lower 
board  is  raised  by  angle  pieces  ( b ),  so  as  to  give  it  a fall  for  draining  the 
whey,  while  the  upper  board  (a)  has  a ledge  (c) 
to  keep  in  place  certain  weights  used  to  give  the 
pressure.  The  latter  may  be  ordinary  scale 
weights,  of  which  a 2-lb.,  4-lb.,  7-lb.,  14-lb.,  and 
28-lb.  will  suffice,  or  twenty  lead  plates  weighing 
2 lbs.  each,  the  latter  being  the  best  to  buy 
because  the  simplest  to  use,  if  the  others  are  not 
already  at  hand.  The  weight  should  be  grad- 
ually increased  from  2 lbs.  to  40  lbs.  during  the 
following  twenty-four  hours.  The  curd  being 
emptied  from  the  bag,  requires  to  be  kneaded 
with  a wooden  knife  (Fig.  159)  until  it  is  reduced  to  a uniform  con- 
sistency. It  will  then  be  ready  for  the  mould,  which  is  a small  frame 
of  tin  of  any  convenient  shape,  fitting 
into  a board,  as  at  a,  Fig.  160,  and 
lined  as  at  b with  strips  of  chemically 
pure  butter  muslin  or  vegetable  parch- 
ment. The  curd  being  pressed  into 
this,  the  ends  of  the  lining  are  turned 
over,  the  mould  lifted,  and  the  cheese 
removed.  It  is  now  ready  for  use. 

Second  Form. — The  other  kind  is 
made  from  a mixture  of  milk  and  cream, 
the  latter  forming  one  half,  two-thirds, 
or  three-quarters  of  the  material  as  the 
case  may  be.  The  coagulation  may  be 
by  fermentation,  as  in  the  previous  case, 
or  it  may  be  helped  by  rennet ; if  the 
latter  is  used,  it  should  be  at  half  the  Fig.  iS8.-Cream  Cheese  in  Press. 
proportion  required  for  Cheddar,  for 

the  fermentation  should  have  the  chief  influence.  It  should  be  mixed 
with  the  material  when  this  has  reached  the  L standard  (Colour-plate). 
In  either  case  the  process  and  conditions  will  be  as  before,  but  with 
rennet  the  time  of  making  will  be  much  shortened. 

The  products  may  now  be  compared.  That  of  the  pure  cream  will 
differ  from  the  other  in  its  richness,  and  as  a rule  this  is  the  favourite 
with  British  consumers.  It  tends,  however,  to  early  spoiling  by  B.A. 
fermentation  and  consequent  rancidity.  A little  salt  worked  into  it 
with  the  knife,  or  rubbed  over  its  outside  when  finished  (in  which  case 
wet  muslin  should  be  used  for  wrapping),  will  keep  it  longer,  but  the 
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Cream  Cheese  in  Bag. 
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flavour  is  not  generally  liked.  Those  made  from  the  mixture  are  more 
strictly  cheese-like  in  texture  and  flavour ; and  those  made  with  rennet 
will  develop  the  characteristic  casein  digestion  and  mellowness.  Salt 
should  be  used  with  these,  being  mixed  with  the  curd  at  the  rate  of 
one-eighth  to  one-quarter  ounce  to  the  pound  of  curd,  as  the  fat  pro- 
portion ranges  from  the  highest  to  lowest  points  given.  They  will  be 


Fig.  159. — Kneading  Knife. 
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Fig.  160. — Cream  Cheese  Moui.d. 


ready  to  eat  in  two  or  three  days,  and  in  the  meantime  should  be  kept 
turned  at  a temperature  of  550  to  6o°  F.  Most  people  would  suppose 
the  whole  cream  article  to  be  worth  more  than  the  others,  but  from  the 
food  point  of  view  the  reverse  is  the  case  ; and  the  mixed  material 
being  the  least  costly  its  cheeses  can  be  sold  at  a proportionately 
lower  price. 


CHAPTER  XVII. 


CREAM  AND  THE  METHODS  OF  ITS 
SEPARATION  FROM  MILK. 

CREAM,  consisting  of  the  fat  globules  of  milk  with  a portion  of  the 
plasma,  is  of  itself  a food,  and  the  source  of  butter.  Its  use  at  the 
table  has  greatly  increased  since  better  methods  of  creaming  and 
after-treatment  have  sent  it  to  the  consumer  in  such  a form  that 
he  can  depend  on  its  character  and  keeping  quality.  The  cream 
of  commerce  is  no  longer  the  thin  skimmings  of  milk  set  but  a 
few  hours,  or  the  half-soured  skin  of  a day  old  and  upwards,  for- 
merly sold  as  a great  favour  to  the  dwellers  in  cities,  to  whom  the 
name  suggested  a perfect  delicacy,  and  who  were  happy  with  it  in 
the  absence  of  anything  better  ; but  a thick  and  sweet  article,  which 
is  much  cheaper  than  the  old  one  as  compared  at  their  respective 
prices,  because  of  its  lower  proportion  of  water,  and  better  food 
value  in  other  respects.  During  the  fruit  season  a very  large  de- 
mand is  made  for  it,  and  the  prices  obtainable  are  so  much  in 
advance  of  the  possibilities  of  butter-making  during  the  same  part 
of  the  year,  as  to  justify  the  cultivation  of  the  trade,  even  at  some 
expense  for  suitable  appliances  and  packages.  For  this  purpose, 
means  of  immediate  separation  from  the  fresh  milk  is  a practical 
necessity,  and  the  proper  .management  of  cream  for  sale  will  be 
described  in  due  course. 

Creaming,  by  whatever  system,  proceeds  upon  the  same  lines; 
recognising  the  laws  which  govern  the  relative  densities  of  the 
fat  globules  and  the  plasma,  and  varying  only  in  the  method  of 
applying  those  laws.  These  have  been  already  discussed  at  length 
in  Chapter  III.  and  need  not  be  re-stated.  The  business  of  the 
dairyer  is  to  secure  all  the  fat,  in  the  least  time,  and  in  the  most 
perfect  condition  possible,  in  consistency  with  a proper  economy. 
Exception  will  probably  be  taken  to  the  first  of  these  points,  for 
there  are  those  who  assert  that  the  smallest  of  the  globules  which  are 
removed  by  the  most  recent  methods  yield  only  an  inferior  butter, 
which  does  not  pay  for  the  cost  of  securing  them.  It  may  be 
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granted  that  certain  conditions  arise  in  connection  with  the  more 
complete  separation,  ignorance  of  which  may  give  the  inferior  re- 
sults referred  to,  but  there  is  no  necessity  for  them.  So  far  as  the 
experiences  of  those  who  recognise  those  conditions  are  in  evidence, 
they  show — what  we  might  have  expected — that  whatever  the  size  of 
the  globule,  the  butter  is  always  the  ordinary  association  of  the 
fats  earlier  described,  and  there  are  no  differences  between  these 
globules  and  the  larger  ones  save  in  their  size  and  the  relative 
proportion  of  the  envelopes  to  their  contents.  Whatever  difference 
there  may  be  between  the  food  values  of  the  butters  of  different 
systems  of  creaming,  the  cause  must  be  sought  for,  and  will  be 
found  elsewhere,  as  we  shall  by  and  by  show.  The  economy  of 
the  question  has  been  settled  beyond  dispute. 

The  time  occupied  in  creaming  is  of  some  consequence.  It  de- 
termines the  space  necessary  for  the  appliances  used,  and  therefore 
the  original  and  working  cost  of  the  dairy  as  well,  and,  under  ordinary 
conditions,  the  quality  of  the  cream  and  butter.  Nobody  will  quarrel 
with  our  remaining  points  of  cream  condition  and  economy ; we  will 
therefore  leave  them  to  be  illustrated  as  occasions  arise. 

Cream  and  Butter  Dairy. — The  dairy  in  which  creaming  and 
butter-making  are  to  be  carried  on  must  be  first  described.  The 

farm  cheese  dairy  as  illustrated 

J2 in  Fig.  32  has  a room  for 

making  the  whey  butter  of  the 
cheese-making  season,  and  the 
milk  butter  of  the  winter.  Here, 
however,  creaming  is  done  for 
the  former  in  the  tank  19,  and 
for  the  butter  in  the  vat  7,  or 
by  special  creaming  appliances 
placed  in  the  cheese-making 
room,  which  will  form  a very 
good  apartment  for  the  pur- 
pose, and  for  some  parts  of 
the  butter  making  as  well.  In 
the  butter-room  are  found  the 
cellar  25,  shown  in  section  in 
Fig.  47,  with  its  cooling  pro- 
vision of  an  overhead  water-tank,  the  shelf  27,  which  should  be  of 
slate,  the  churn  28,  and  butter- worker  29,  these  being  the  principal 
furnishings. 

In  a very  large  majority  of  cases,  however,  butter-making  is  carried 
on  by  itself;  and  the  dairy  for  this  purpose  maybe  reduced  to  four 


Fig.  161. — Farm  Butter  Dairy — Plan. 
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rooms,  and  form  a wing  to  the  farm-house,  as  in  Fig.  161.  I he 
boiler-room  A and  coal-store  B properly  occupy  the  same  places  as 
in  the  cheese  dairies  (Fig.  32,  &c.),  and  are  quite  as  desirable  here  as 
there.  The  boilers  1 and  7,  with  their  common  flue  2,  the  washing 
vessel  5 and  rack  6,  are  necessary ; and  the  tank  4,  with  its  pump  3,  may 
well  be  provided  wherever  a water-cooling  system  is  used  for  creaming. 
Adjoining  the  boiler-room,  the  room  C (12  ft.  by  Htt  ft.)  should  be 
devoted  to  creaming,  cream  ripening,  and  churning,  the  nearness  of  the 
hot-water  supply  and  air  warmth  being  an  advantage  ; while  the  room 
D (12  ft.  by  12  ft.)  should  be  kept  for  the  working,  making-up,  and 
storage,  for  which  a low  temperature  is  necessary  to  the  finest  results. 
The  water-tank  should  therefore  be  within  the  last-named  apart- 
ment. A delivery  arrangement  at  the  window  in  C should  consist 
of  a conductor  9,  with  a distributing  vessel  10,  a platform  11,  with 
a projecting  roof  12,  as  before.  The  creaming  apparatus  13,  of 
whatever  kind,  but  here  shown  as  setting  pans;  a churn  14;  a 
shelf  15,  for  cream  pans,  with  a water-heating  coil  16  behind  it, 
supplied  from  the  boiler  8 ; air  outlet  flues  17,  18  ; a cupboard  19, 
for  stores  ; and  the  water-pipes  shown  by  dotted  lines,  complete  its 
fittings.  The  flues  17,  18  proceed  to  a revolving  ventilator  (Fig.  50) 
on  the  roof,  and  can  be  used  separately  or  both  at  the  same 
time,  as  circumstances  may  demand.  In  the  room  D,  the  butter- 
worker  20,  the  slate  shelf  21,  and  the  cellar  22  are  found  ; while  the 
drain  wells  23  are  outside  the  building.  If  the  creamed  milk  is  to  be 
used  on  the  farmstead,  it  may  be  discharged  into  a vessel  placed  on 
the  delivery  platform  through  the  conductor  9 reversed,  a small  platform, 
which  may  also  form  a stand  for  the  distributing  vessel  10,  enabling 
the  dairyer  to  reach  the  conductor  easily.  This  where  a setting- 
system  is  followed,  while  from  a mechanical  separator  a pipe  may 
carry  the  milk  direct  to  the  conductor.  The  direction  of  the  floor 
inclination  is  in  each  case  shown  by  arrows.  In  all  other  respects 
the  building  construction  should  be  as  advised  for  cheese  dairies,  and 
the  internal  temperature  should  be  carefully  under  control. 

Factories  concerned  in  this  department  of  dairying  may  be  pro- 
perly divided  into  (a)  creameries,  where  creaming  only  is  practised, 
these  being  cither  branches  of  the  butter  factories,  or  engaged  in  the 
cream-selling  trade  ; (^)  butter  factories,  in  which  either  the  whole 
business  is  carried  on,  or  in  which  butter  is  made  from  purchased 
cream  ; and  ( c ) blending  factories,  in  which  purchased  butters  are 
blended  together  in  various  grades.  This  classification  will  probably 
be  objected  to  by  those  who  have  been  accustomed  to  the  present 
loose  methods  of  description,  but  it  is  at  least  consistent  with  facts, 
and  therefore  necessary  to  our  purpose. 
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The  Creamery. — The  first  kind  supposes  a milk  supply  insufficient 
to  justify  a complete  provision,  and  such  a building  as  is  shown  in  Fig. 

1 62  maybe  managed  by  a man  with  only 
the. help  of  a youth,  and  that  without 
difficulty.  The  general  practice  is  to 
send  the  creamed  milk  back  to  the 
farm,  and  a convenient  provision  is 
here  made  for  despatching  it  for  this 
purpose,  or  for  the  more  profitable 
household  consumption,  which  should 
be  cultivated  everywhere.  If  it  is  to 
be  used  by  the  creamery  owner  in 
feeding  calves  or  pigs,  it  may  be 
carried  to  them  by  glazed  ware  pipes, 
first,  however,  being  discharged  into 
an  open-air  well,  after  the  fashion  of 
drainage  waters  (Fig.  29). 

The  building  consists  of  a milk- 
receiving platform  A (16  ft.  by  9 ft.), 
with  a combined  office  and  testing- 
room  B (9  ft.  by  6 ft.) ; adjoining  to  it  a 
creaming-room  C (23  ft.  by  16  ft.);  and  a combined  boiler-room  and 
coal-store  D (23  ft.  by  6 ft.).  On  the  platform  A are  the  tipping 
barrier  1,  the  receiving  vessel  2 (which  discharges  by  the  conductor  5 
into  the  milk  vat  6),  the  desk  '3,  and  shelf-table  4,  serving  for  entry 
and  testing  purposes.  From  the  vat — which  is  fixed  on  pillars  and 
surrounded  by  a foot-board  to  allow  of  its  being  conveniently  reached 
for  cleaning — the  milk  is  distributed  to  the  mechanical  creamer  7, 
which  is  driven  by  belts  from  the  power-shaft  8,  and  which  delivers  its 
creamed  milk  by  the  pipe  9 to  the  capillary  cooler  10,  on  the  despatch 
platform  11,  where  a small  desk  12  is  provided  for  entries.  A hot- 
water  tank  13  is  supplied  by  the  boiler  14,  which,  for  this  case,  may 
be  a vertical,  with  the  engine  attached  or  separate,  as  may  be  most 
convenient.  Other  things  being  equal,  we  advise  that  it  be  separate. 
If  the  building  can  be  placed  on  ground  of  sufficient  slope  the  despatch 
platform  may  be  done  away  with,  the  floor  being  higher  than  the 
ground  outside.  Any  convenient  location  and  aspect  will  answer  for 
a creamery. 

The  Butter  Factory. — The  butter  factory  may  consist  of  a similar 
building  with  churning  and  making  rooms  added  (the  latter  having  a 
north  aspect),  steam  power  used  for  churning,  and  more  cool  storage 
room  provided.  The  plan,  Fig.  163,  shows  such  a factory.  The 
receiving  platform  A,  with  the  office  B,  and  laboratory  C,  are  arranged  as 
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in  the  “Cheddar”  cheese  factory  (Fig. 62),  and  enclosed  together.  Where 
the  creamed  milk  is  sold  or  returned  to  the  supplier,  a second  platform  D 


1,  Tipping  barrier;  2,  Receiver;  3,  Conductor;  4,  Counter;  5,  Desk;  6, 
Water  heater  : 7,  Shelf ; 8,  Testing  table  ; 9,  Separated  milk  receiver  ; 
io,  Coolers  ; rr,  Shaft  for  separators  ; t2,  Milk  vat ; 13,  Separators  ; r^ , 
Separated  milk  pipe;  rs,  Churn;  16,  Water-heater;  17,  Shelf;  r8, 
Butter  worker ; r9,  Shelf;  20,  Shade  over  window;  21,  Shelves ; 22, 
Boiler  ; 23,  Engine ; 24,  Coal  gates  ; 25,  Water-heater  ; 26,  Shelves  and 
racks  ; 27,  Drain  wells. 

Water  Pipes. 

Steam  Pipes. 

isirzxis  Drains. 


may  be  placed  conveniently  for  the  cooling  and  despatch  ; and  in  the 
latter  case  the  supplier  can  proceed  from  one  to  the  other,  so  clearing 
the  way  for  others  to  deliver  their  whole  milk.  The  room  E should 
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be  devoted  to  creaming,  cold  weather  ripening,  and  churning  ; F to 
warm  weather  ripening  and  making  up  ; G to  cool  storage  (the  water 
tank  is  over  this  and  part  or  all  of  the  making  room) ; H to  the  engine 
and  boiler,  the  boiler  front  being  within  the  coal  store  I,  as  in  the 
Cheddar  factory  (Fig.  62);  J to  washing;  and  K to  stores  and  packing- 
boxes.  The  structural  work  should  be  as  in  the  other  examples,  the 
furnishings  as  in  the  list  of  references  ; the  latter  will  be  described 
as  they  come  into  use. 

A blending  factory  will  be  simply  a butter  factory  with  the  room 
and  appliances  for  creaming  and  churning  omitted,  and  needs  no 
special  description. 

The  Methods  of  Creaming  may  be  separated  into  two  main 
divisions, — (a)  setting  systems,  and.  ( b ) separation  by  centrifugal 
force. 

Setting  Systems  proceed  by  leaving  the  globules  to  rise  through 
the  plasma  under  the  existing  natural  conditions,  or  cause  them  to  rise 
more  quickly  by  changing  those  conditions  for  others  more  helpful. 
These  shall  be  taken  in  order,  commencing  with  the  simplest. 

The  shallow- setting  open-air  -pan,  Fig.  164,  is  the  oldest  form  of 

creamer  now  used  in  this  country.  It 
is  frequently  made  of  large  size  and 
oblong  shape,  set  on  a frame,  and  pro- 
vided with  a plug  (Fig.  148)  for  di-awing 
off  the  creamed  milk.  This  method 
gives  a shallow  body  of  cream  of  a 
varying  density,  the  surface  globules 
being  closer  together  than  those  below. 
By  reason  of  drying  and  oxidation  a skin  is  formed  in  course  of  time, 
and  with  sufficient  cohesion  to  resist  breakage.  But  the  under 
globules  are  free,  and  easily  float  away  from  this  skin.  It  is  usually 
removed  by  a shallow  skimmer,  made  as  in  Fig.  165,01-  with  a long 
handle  for  use  with  wide  pans  as  in  Fig.  88.  The 
cream  being  detached  from  the  side  of  the  pan  at 
a starting  point,  the  skimmer  blade  is  carried  under 
it  and  lifted.  The  milk  runs  out  through  the  per- 
forations, which  must  neither  be  too  large,  too 
numerous,  nor  too  near  the  edge,  or  loss  of  the 
lower  globules  will  follow.  It  will  be  plain  that 
with  all  possible  skill  and  care  there  must  be  more  or  less  of  such  loss, 
or  else  a considerable  relative  proportion  of  the  plasma  must  be  removed 
with  the  cream.  When  the  main  body  has  been  removed  there  will 
remain  a fringe  of  cream  against  the  sides,  which,  when  the  milk  has 
been  poured  away  over  the  clean  part,  should  be  scraped  oft*  with  a 


Fig.  164. — Shallow  Pan. 
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piece  of  horn.  Numerous  devices  have  been  brought  out  for  collecting 
the  cream  or  drawing  the  plasma  from  under  it,  but  in  view  of  the  facts 
now  to  be  presented  we  think  it  useless  to  describe  them.  The  method 
stands  condemned  on  several  charges,  and  its  days  are  numbered. 
In  order  to  prove  its  comparative  wastefulness  and  general  inferiority, 
let  us  summarise  its  conditions  and  action,  and  compare  it  with 
others. 

Milk  as  drawn  from  the  cow  loses  temperature  before  it  can  be  set, 
and  from  102°  F.  will  fall  to  8o°  F.  with  the  air  at  50°  F.,  or  to  90°  F. 
with  the  air  at  65°  F.,  unless  the  dairy  is  very  near  and  unusual  care 
be  taken  to  protect  it,  in  which  case  an  advantage  of  two  or  three 
degrees  may  be  gained.  The  fine  streams  of  milk  which  pass  from 
the  teats  into  the  pail,  and  from  the  strainer  into  the  setting-pan, 
cannot  fail  to  give  off  their  heat  to  a serious  extent.  The  milk  being 
set  at  rest  in  the  pans,  the  globules  begin  to  rise  at  a rate  dependent 
on  the  difference  between  its  temperature  and  that  of  the  air,  this 
affecting  the  difference  between  the  density  of  the  globules  and  that  of 
the  plasma. 

This  influence  of  temperature  is  just  what  is  possible  to  a falling  of 
twenty-five  to  thirty  degrees  Fahr.  and  no  more,  for  the  air  of  the 
dairy  cannot  reduce  the  temperature  of  the  milk  below  its  own.  The 
results  are  much  better,  of  course,  than  as  if  the  two  were  at  the  same 
temperature,  but  as  set  against  better  methods  it  is  a failure.  At 
thirty-six  to  forty-eight  hours  after  setting,  the  best  of  skimming  01- 
drawing  will  leave  fat  in  the  plasma  which  other  methods  would 
remove,  and  that  in  such  proportions  as  to  make  the  latter  economi- 
cally profitable.  But  not  only  is  the  rising  of  the  cream  imperfect, 
there  is  no  small  amount  of  loss  by  the  methods  of  removal  (though  of 
the  two  the  greatest  arises  from  skimming),  by  the  disturbance  and 
carrying  away  of  some  part  of  the  collected  globules.  It  is  very 
difficult  to  estimate  the  average  loss  from  these  causes,  but  we  have 
the  best  reasons  for  believing  that  it  does  not  fall  short  of  fifteen  per 
cent,  of  the  butter  realisable  by  the  best  methods. 

I lie  long  time  required  for  all  that  can  be  done  is  also  a source  of 
damage.  The  number  of  pans,  the  size  of  the  dairy,  and  the  labour 
and  time  occupied  in  the  management,  are  all  affected  by  this,  and  at 
least  two  sets  of  pans  are  necessary, — generally  three,  sometimes  four, 
—with  corresponding  expenditure.  In  the  meantime,  the  ferments 
arc  at  work,  and  so  favourable  are  the  conditions  attending  them  that 
often  the  whole  is  near  to  coagulation  before  the  cream  has  had  its 
fair  chance  to  rise.  If  the  influence  was  confined  to  the  friendly 
ferments,  the  harm  to  the  cream  would  be  trifling  ; but  the  wide 
exposure  gives  to  other  ferments  the  best  opportunity  of  working  their 
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many  forms  of  mischief,  and  what  is  started  in  the  setting-pan  is 
carried  forward  in  the  cream-pan.  The  skimmed  milk  is  greatly 
reduced  in  value  for  feeding  animals,  and  is  unfit  for  human  con- 
sumption. Finally,  during  the  long  exposure  to  the  air,  oxidation 
makes  progress,  and  creates  its  share  of  waste ; and  the  drying  of  the 
cream  surface  makes  it  impossible  by  mere  stirring  to  bring  the  whole 
back  to  the  state  in  which  the  globules  should  mix  with  the  proportion 
of  the  plasma  proper  to  set  cream.  Such  cream  must  be  heated  to 
restore  the  right  condition  ; and  if  this  heating  is  carried  beyond  the 
temperatures  favourable  to  fermentation,  it  checks,  and  if  not  allowed 
to  pass  that  limit  it  favours,  the  ferments, — both  good  and  bad.  We 
have  no  practical  control  over  conditions  with  this  method,  beyond 
taking  what  care  we  can  to  have  pure  air  and  clean  milk  and  vessels. 
This,  of  course,  we  need  in  all  cases  ; but  here  the  exposure  is  so  long 
as  to  give  the  milk  but  a poor  chance  of  escape.  Nor  can  we  import 
into  it  friendly  ferments,  as  in  ripening  milk  for  cheese-making.  Our 
need  is  in  the  direction  of  the  lowest  fermentation  possible.  Some 
makers  skim  at  twelve  hours,  to  secure  cream  with  the  largest  globules 
and  in  the  better  condition,  and  make  a butter  of  superior  quality  from 
it,  leaving  the  rest  to  rise  under  the  increasingly  unfavourable  con- 
ditions for  an  inferior  result.  So  far  as  the  satisfaction  of  making 
some  good  butter  goes,  this  is  better  than  the  common  practice  ; but 
the  best  work  so  done  does  not  bring  the  method  near  to  a reasonable 
profitableness. 

Such  is  the  open-air  shallow-setting  method,  when  its  followers  aim 
at  the  highest  yield  of  butter.  Often,  however,  they  are  content  with  a 
lower  yield,  and — fearing  to  keep  their  milk  in  doubtful  weather — skim 
it  at  twenty-four  hours  old,  with  a heavier  loss  of  butter  than  in  the 
other  case.  A large  quantity  of  skimmed  milk  goes  from  English 
dairies  with  one  per  cent,  of  fat,  or  nearly  one-third  of  the  average 
proportion.  This  must  needs  be  the  case  when  a milk  of  fair  quality 
yields  only  a pound  of  marketable  butter  to  every  four  gallons  of  milk, 
as  we  have  known  it  to  do. 

For  many  years  dairyers,  both  in  Europe  and  America,  have 
practised  cooling  with  shallow  pans,  and  benefited  thereby  to  some 
extent.  Some  have  set  the  old  style  of  pan  in  troughs  with  cold  water 
running  around  them  ; others  have  made  them  with  two  cases,  and 
laid  on  water,  running  continually,  to  fill  the  spaces  between.  The 
results  have  been  a greater  rising  of  the  globules,  because  of  the 
increased  differences  in  density  due  to  the  rapid  cooling,  and  the 
influence  of  currents  created  thereby,  and  a better  keeping  of  the  milk, 
so  that  the  yield  has  increased  with  less  risk  than  in  the  old  way.  When 
the  milk  has  been  brought  to  the  dairy  immediately,  and  the  water 
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temperature  has  been  from  5°°  F.  downwards,  the  gain  evciy  way  has 
been  considerable.  We  have  before  us  reliable  evidence  of  such  pans 
having  been  in  use  in  America  more  than  twenty  years  ago,  and  so 
well  constructed  that  we  have  not  since  made  any  important  improve- 
ments in  them.  The  cold  had  also  the  effect  of  checking  the  produc- 
tion of  fibrin,  the  existence  of  which  was  not  then  suspected.  Some 
makers  provided  covers,  either  solid,  with  occasional  means  of  ventila- 
tion, or  with  wire  gauze  of  considerable  surface— in  either  case  intended 
to  keep  out  dust  and  flies.  The  real  value  of  such  protection  lay  in 
the  hindrance  to  a great  extent  of  microbes  from  reaching  the  milk  ; 
and  these  inventions  were,  according  to  the  most  recent  light,  on  the 
right  track  for  improvement.  There  remained  still  a point  which 
nobody  seems  to  have  touched  until  a much  later  time,  viz.,  the 
propriety  of  raising  the  initial  temperature  somewhat,  so  as  to  extend 
the  range  of  the  falling.  This 
has  now  been  done,  and  not 
only  can  the  cream  be  more 
quickly  and  perfectly  obtained 
than  with  the  cooling  only,  but 
the  loss  which  arose  out  of  the 
variations  in  the  temperature  of 
the  air,  the  milk,  and  the  cool- 
ing water  is  at  an  end.  Some- 
times for  weeks  together,  in 
warm  weather,  the  water  has 
been  nearly  as  warm  as  the  air, 
and  the  advantage  of  its  use 
correspondingly  limited.  This  Fig.  166.— Jersey  Creamer. 

is  an  extreme  case,  but  between 

that  and  the  greatest  possibilities  with  simple  cooling,  a reduction  of 
effectiveness  in  various  degrees  must  needs  arise  out  of  the  variations 
referred  to.  As  a consequence  of  these  improvements,  it  is  now  easy 
to  secure  all  but  .35  to  .50  of  1 per  cent,  of  the  original  fat,  according 
as  the  average  size  of  the  globules  is  large  or  small.  This  is  equal  to 
a gain  of  a quarter  of  1 per  cent.,  as  against  the  old  shallow  pan  as 
best  used  to  half  per  cent,  as  worst  used  ; or,  roughly,  an  increase  from 
8 to  15  per  cent,  on  the  butter  obtainable  from  average  milk  under  the 
conditions  given. 

The  “Jersey ” and  “Dorset”  pans  are  well-known  representatives 
of  this  best  form  of  the  shallow  pan.  They  are  identical  in  essentials, 
excepting  that  the  latter  does  not  provide  a cover.  The  former  will 
serve  to  illustrate  the  practice.  It  consists  (Figs.  166,  167,  168)  of  a 
double-cased  vessel  a,  having  a cover  b , a funnel  c,  overflow  pipe  <t,  and 
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a water  outlet  e covered  by  a screw  cap.  A plug  / fits  into  a pipe 
g,  which  again  rests  within  the  fixed  pipe  h for  the  removal  of  the 
skimmed  milk,  the  pipe  g having  a strainer  i of  fine  wire  gauze,  pro- 
tected when  in  use  by  the  ring  j,  which  is  removable.  A pipe  k 
supplies  it  with  water,  either  from  a special  tank  or — as  in  our 
ideal  dairy — from  a general  supply,  and  the  overflow  is  carried  off  by 
the  shute  in  to  the  tank  (Fig.  161)  for  use  in  the  boiler.  The  quantity 
of  water  used  in  this  or  any  other  water-cooling  system  is  considerable, 

and  should  not  be  wasted.  The 
pan  rests  on  a frame  n,  two 
projections,  resting  in  the  hooks 
o,  keeping  it  in  place,  and  allow- 
ing it  to  be  tipped  as  in  Fig. 
168.  The  cover  is  roof-shaped, 
with  an  air  opening  half-way  up 
each  side,  and  extending  its 
length  at  that  point. 

In  use  the  milk  should  be  strained  into  the  pan,  and  heated  to  a 
temperature  which  will  give  a fall  of  50°  F.  by  the  use  of  the  water  at 
hand.  Therefore  in  setting  milk  in  any  double-case  pan,  our  first 


Fig.  167. — Jersey  Creamer — Section. 


Fig.  168.— Jersey  Creamer— Tipped.  Fig.  169.  Jersey  Creamer  Plug. 

business  is  to  take  the  temperature  of  the  watei  to  be  used  in 
cooling  as  a basis  for  determining  what  the  starting  temperature 
of  the  milk  is  to  be.  Allowing  3°  F.  for  a margin,  we  may  add 
530  F.  to  the  water  temperature,  and  the  result  will  give  that  for 
the  milk:— Examples— (1 ) Water  temp.,  45°  F.  + 53=setting  temp., 
98°  F.  ; (2)  water,  6o°  F.  + 53= setting  temp.,  H3°  F-  The  col(,er 
the  water  down  to  near  freezing-point  the  better.  This  is  liable  to 
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be  disputed  on  the  strength  of  alleged  experiences,  but  these  have 
an  explanation  which  is  of  some  importance.  It  is  said  that  the 
use  of  water  at  45°  F.  gives  the  best  results,  and  that  below  that 
point  the  tendency  is  to  loss.  Doubtless,  for  in  proportion  to 
the  increase  of  cold  is  the  rapidity  of  the  currents,  and  the  disturb- 
ance of  the  cream  layer  ; and  if  a proper  speed  be  exceeded  nothing 
is  more  certain.  But  if  the  water  used  is  raised  by  the  addition  ' 
of  warm  water  to  45°  F.  until  a thermometer,  set  in  the  milk  at 
the  start,  shows  that  the  milk  has  been  reduced  to  550  F.,  the  coldest 
water  may  be  used  with  advantage  afterwards.  A bent  wire  stand,  as 
Fig.  170,  may  be  made  to  hold  the  thermometer  in  a nearly  upright 
position.  It  will,  however,  be  readily  understood 
that  from  450  F.  downwards  there  is  no  neces- 
sity for  limiting  the  setting  temperature  by  the 
rule  given.  A range  of  50°  is  essential  to  the  proper 
working  of  the  principle  ; but  a longer  range  is  still 
better  if  it  is  secured  by  a colder  water,  with  an 
initial  temperature  not  higher  than  that  most 
favourable  to  fermentation.  We  may  therefore  set 
at  98°  F.  whenever  the  water  is  at  45°  F.  or  lower. 

. , • • Fig.  170. 

There  is  an  objection  to  a higher  initial  tern-  thermometer  Stand. 

perature,  and  it  increases  in  force  as  we  rise  above 
that  point.  The  milk  has  to  descend  through  the  range  of  tempera- 
ture favourable  to  the  ferments  ; and  while  from  98°  F.  downwards  it 
is  getting  out  of,  and  away  from,  that  range,  from  all  higher  points  it 
is  descending  into,  or  within  it.  If,  for  instance,  we  start  at  iio°  F., 
the  milk  has  to  pass  through  120  more  of  the  favourable  range  than 
as  if  heated  only  to  98°  F.  ; and  the  increase  of  ferment  encour- 
agement is  in  proportion.  This  is  the  weakest  point  in  the  method. 

If  we  are  to  obtain  the  best  results  in  all  respects  we  must  give  the 
range  of  50°;  and  as  water  becomes  more  than  60°  F.  in  continued 
warm  weather,— and  ice  is  an  aid  too  dear  to  be  thought  of  in  this 
country,  and  difficult  to  get  as  well, — we  must  run  risks  on  one  side  or 
the  other  of  partial  failure.  With  the  increase  of  temperature  we  have 
also  to  reckon  with  the  fibrin.  In  the  case  before  us  we  have  no  hesita- 
tion in  advising  the  use  of  safe  preservatives  of  the  Boron  class,  which, 
if  carefully  stirred  into  the  milk  before  setting,  will  carry  it  safely  over 
the  dangerous  part  of  its  descent,  and  that  with  a low  proportion  and 
at  a trifling  cost. 

In  heating  milk  for  setting  it  is  important  that  the  water  should 
not  be  hotter  than  150"  F.  at  any  time.  Boiling  water  has  been 
recommended  by  some  ; but,  as  the  milk  cannot  be  stirred  during  the 
heating,  the  danger  of  local  albumin  coagulation  arises  with  the  higher 
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temperatures.  Water  maintained  at  150°  F.  by  fresh  supplies  will 
soon  raise  the  small  quantity  of  milk  which  any  pan  of  this  kind  will 
hold  to  the  necessary  point.  Moreover,  the  longer  time  taken  is  com- 
pensated for  by  the  more  perfect  effect  on  the  globules.  Our  purpose 
in  heating  is  to  cause  them  to  expand,  but  they  respond  more  slowly 
to  the  action  of  heat  than  the  plasma.  If  after  the  desired  temperature 
has  been  quickly  reached  we  immediately  begin  to  cool,  we  check  the 
still-continuing  expansion  of  the  globules,  and  the  full  benefit  of  the 
heating  is  not  obtained  on  them.  If  on  the  other  hand  the  heating  is 
slower,  their  expansion  keeps  much  nearer  to  that  of  the  plasma,  and 
ten  minutes’  maintenance  of  the  final  temperature  will  probably  bring 
them  to  their  outside  limits  of  size  at  that  temperature.  The  cooling 
will  give  immediately  a greater  difference  between  the  densities  of  the 
globules  and  the  plasma  than  would  otherwise  be  possible,  and  a 
quicker  rising  of  cream,  with  no  greater  force  of  the  currents.  There 
is  also  to  be  set  against  the  more  rapid  heating,  the  greater  rapidity  of 
the  currents  created  by  it.  The  position  of  the  inlet  funnel  makes 


Fig.  171.— Hot-Water  Funnel. 


it  necessary  to  use  a separate  one  (Fig.  17 1)  for  the  convenient  supply 
of  hot  water. 

Another  error  is  in  supposing  that  the  most  rapid  reduction  of 
the  milk  temperature  ought  to  be  the  main  aim  of  the  dairyer. 
This  would  have  but  the  same  effect  as  the  first  use  of  very 
cold  water  already  observed  to  unduly  increase  the  rapidity  of  the 
currents.  There  is  a limit  to  the  rate  of  reduction  beyond  which  we, 
in  part,  defeat  our  purpose.  The  best  practice  is  to  run  the  cooling 
water  freely  for  the  first  hour,  and  after  that  to  reduce  it  to  a stream  of 
not  more  than  one-tenth  of  an  inch  diameter,  maintaining  that  until 
the  thermometer  shows  that  the  milk  is  within  a degree  or  two  of  the 
water  temperature.  After  that,  as  more  water  cannot  do  any  good,  it 
is  sheer  waste  to  employ  it. 

The  time  required  for  the  best  yield  will  depend  on  the  size  of 
the  globules.  The  milk  of  Channel  Islanders  will  give  up  their  cream 
well  in  twelve  hours  ; with  Shorthorns,  from  eighteen  to  twenty-two 
hours  will  be  needed  ; with  Ayrshires,  from  twenty  to  twenty-four 
hours— and  so  on.  This  means  a shortening  of  the  time  required  by 
the  old  use  of  the  shallow  pan  by  one-half.  The  economy  is  therefore 
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great  in  all  ways,  for  even  the  labour  of  heating  and  cooling  the  milk 
is  less  than  that  which  the  method  casts  out. 

The  plasma  is  drawn  by  lifting  the  plug  yj  when  it  will  flow  slowly 
out  through  the  strainer  i into  the  shutc  or  pail  provided  to  carry  it 
away.  Then  the  pan  is  tipped,  as  in  Fig.  168,  and  the  cream  gently 
scraped  downwards  into  a ripening-pan. 

However  many  ingenious  contrivances  may  be  added  to  this 
method,  it  will  always  need  judgment  and  attention  to  make  the  best 
of  it.  Occasional  experiences  show  that  its  possibilities  have  not  been 
commonly  reached.  We  believe  that  with  skilled  management  not 
more  .35  to  .40  per  cent,  of  fat  should  be  left  in  any  milk  of  fair  quality. 
This  will  only  be  attained  by  testing-  the  efficiency  of  the  work  done 
by  the  thermometer,  and  the  determination  of  the  fat  left  in  the 
creamed  milk.  (See  Chapter  XIX.) 

Deep-Setting  Systems. — These  may  be  divided  into  [a)  open  and 
(b)  covered  methods.  The  former  has  long  been  pursued  in  America, 
where  on  many  a farm  the  milk-house  has 
been  erected  over  a spring,  a shallow  tank 
made  to  receive  the  water,  and  the  earthen 
crocks  set  in  the  latter  with  large  stones  to 
anchor  them,  and  covered  with  thin  pieces 
of  wood.  So  far  as  the  possibility  of  making 
a fine  article  was  concerned,  the  conditions 
could  scarcely  be  more  favourable ; and 
where  the  after-management  has  been  in 
keeping,  the  results  have  been  of  the  best. 

A conical  dipper,  such  as  we  have  recom- 
mended for  sampling  milk  (Fig.  207),  is  used 
for  skimming,  being  gently  lowered  into  the 
milk  until  the  cream  can  run  into  it.  This  could  scarcely  secure 
all  the  cream  which  had  risen,  even  when  skilfully  used,  but  would 
not  be  so  wasteful  as  the  English  skimmer.  When  the  first  American 
butter  factories  were  established,  the  “ pool  ” system  was  followed;  a 
cylindrical  can,  8 inches  diameter  and  22  inches  deep,  being  used 
for  setting  the  milk,  and  the  skimming  done  as  on  the  farm. 

Akin  to  this  is  the  Swedish  “Swartz”  method,  in  which  the  milk 
is  set  in  a can  of  the  form  shown  in  Fig.  172,  with  its  cover  ven- 
tilated at  a a , and  plunged  in  water,  which  in  summer  is  cooled  by 
ice.  I he  introduction  of  this  system  wrought  a great  improvement  in 
the  butters  of  Sweden,  Norway,  and  Denmark,  and  shared  largely  in 
the  beginnings  of  that  modern  dairy  movement  which  has  made  them 
such  powerful  rivals  to  us. 

(b.)  The  next  step  was  the  “Cooley”  system  which  appeared  in 


Fig.  172. 

Swartz  Creamer. 


288 


MILK,  CHEESE,  AND  BUTTER. 


trusted  at  first. 


1876,  and  submerged  the  milk  in  water  within  a closed  cabinet.  The 
inventor  proceeded  on  two  theories,  viz.,  (a)  that  as  cooling  ought 
to  be  done  from  above,  submersion  was  the  best  course,  combining, 
with  the  benefits  of  the  natural  rule,  those  of  cooling  at  the  sides 
and  underneath,  and  thus  securing  as  rapid  and  complete  cream- 
ing as  at  that  time  seemed  possible  ; and,  ( b ) that  no  harm 
could  be  done  by  setting  milk  warm  from  the  cow  in  closed 
pails,  provided  the  vapours  arising  from  the  milk  could  find  their 
way  to  the  water,  and  become  condensed  by  it  without  necessi- 
tating the  admission  of  air.  The  first  theory  as  to  the  cream- 
ing rvas  generally  admitted  to  be  sound  ; but  the  other,  raised 
in  the  days  of  “animal  heat”  and  “animal  odour”  creeds,  was  not 
This  case  was  met  by  adopting  the  “ diving  bell  ” 
principle,  and  using  a cover  a,  Fig.  173, 
which  could  be  held  in  place  by  two 
curved  handles  b b , and  which,  being 
^ supported  on  the  edge  of  the  can  by 
wire  angles  c,  would  allow  an  air  space 
between  it  and  the  can.  As  the  water 
would  rise  around  the  can,  or  the  latter 
might  be  lowered  into  it  in  a level  posi- 
tion, the  water  would  enclose  the  air 
which  was  under  the  cover  and  within 
the  can  and  slightly  compress  it.  But 
the  water  exerting  an  equal  pressure  on 
the  air  at  all  points,  could  not  rise  to 
the  top  edge  of  the  can.  The  milk 
would  now  be  sealed  down  to  contact 
with  a small  body  of  air,  and  the  influ- 
ence of  the  water  and  the  vessel,  and 
the  absolute  necessity  for  purity  in  all 
three  must  be  apparent.  The  theory 
that  all  natural  milk  vapours  would  be  harmless  under  such  con- 
ditions proved  correct,  though  there  can  be  no  doubt  that  bad  fei- 
ments  could  damage  the  milk  to  some  extent  if  introduced  before 
setting.  The  cold  could  only  hinder  them,  while  the  submersion 
would  keep  out  others,  but  the  invention  could  not  altogether  pre- 
vent the  effects  of  bad  management.  The  bottom  of  the  can  is 
made  to  slope  towards  a tap  d,  in  which  a syphon  * is  placed  when 
the  creamed  milk  is  to  be  removed  ; and  this  being  turned,  as  shown, 
into  a vertical  position,  the  creamed  nnlk  flows  out,  the  cream  sin  -mg 
until  its  lower  line  is  seen  to  have  reached  the  lower  edge  of  the  glass 
window  /,  when  the  tap  is  turned  off  and  the  cream  poured  into  a 


Fig.  173.- 


g g, 

-Cooley  Creamer  Can. 
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ripening-pan.  The  bottom  of  the  cabinet  has  strips  of  wood  g g, 
which  support  the  can  so  as  to  allow  water  to  flow  freely  under  it,  and 
an  inlet  and  outlets,  one  of  the  latter  maintaining  the  water  at  a 
height  of  a few  inches  above  the  can  cover  while  in  use,  and  the  other 
emptying  the  cabinet  when  required.  The  can  is  held  in  place  by  a 
strip  of  wood  h,  the  ends  of  which  catch  under  strips  1 fixed  to  the 
sides  of  the  cabinet.  This  prevents  accidents  from  the  tipping  of  the 
can,  when  water  would  easily  gain  admission.  This  description  gives 
the  points  essential  to  our  purpose  ; but  in  recent  years  conveniences 
have  been  added,  such  as  a rack  to  raise  the  cans  out  of  the  water, 
and  others,  saving  time  and  labour,  but  not  altering  the  principles  of 
the  invention. 

Numerous  patent  cabinets  have  been  brought  out,  some  for  cool- 
ing by  water,  others  by  air, — all,  when  the  water  becomes  too  warm, 
using  ice,  which  is  stored  by  all  American  butter  - makers  during 
their  cold  winters.  These  appliances  need  not  be  severally  de- 
scribed, the  Cooley  represents  them  all  in  the  points  essential  to 
successful  creaming. 

Shallow  Setting  and  Deep  Setting  Compared.  — The  same 
principles  are  concerned  equally  in  shallow  and  deep  setting,  but 
the  conditions  vary  somewhat.  In  the  latter  case  the  globules  have 
to  rise  through  a longer  distance  to  the  surface,  and  it  seems  as  if 
shallow  setting  would  allow  of  the  shorter  distance  being  more 
quickly  covered  with  a proportionately  quicker  creaming.  This  is 
not  the  case,  however,  for  under  equally  favourable  conditions  the 
deep  cans  raise  their  cream  quite  as  quickly  and  as  perfectly  as  the 
shallow  ones.  The  currents  are  much  more  powerful  and  effective, 
and  the  globules  gather  into  groups  and  appear  to  help  each  other, 
as  judged  by  their  speed  being  greater  than  when  separate.  The 
cream  is  in  thinner  body  than  with  shallow  pans,  and  is  therefore 
fit  only  for  butter-making.  It  forms  also  a much  deeper  layer  in 
proportion  to  its  original  milk.  The  Swartz  and  Cooley  methods  were 
at  one  time  used  in  this  country,  but  it  was  complained  that  deep 
setting  in  all  forms  did  not  separate  the  cream  as  well  as  the  older 
practice,  and  we  hear  little  of  them  now.  We  are  convinced  that 
sometimes  it  was  the  fault  of  the  users,  and  sometimes  the  want  of 
cold  water.  I he  same  rules  apply  as  for  shallow  setting  ; but  few 
if  any  makers  heat  before  cooling,  though  if  this  were  done  according 
to  the  directions  given,  it  would  have  a similar  effect  in  reducing  the 
loss  from  variation  of  conditions. 

There  has  been  much  contention  between  the  followers  of  the  two 
methods  as  to  which  offers  the  greatest  body  of  advantage.  We 
believe  the  deep  setting  cabinets  have  the  best  place,  on  account  of  the 
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more  perfect  protection  from  the  outer  air,  and  the  reduction  of  fer- 
mentation and  oxidation,  and  that  in  all  points  of  yield  and  economy 
they  are  equal  when  rightly  used.  Much  has  been  said  about  the 
quantity  of  cream,  but  this  is  of  no  practical  consequence  where  the 
creamed  milk  is  fed  on  the  farm,  for  the  excess  taken  up  in  deep 
setting  returns  as  buttermilk. 

At  different  times  attempts  have  been  made  to  aid  creaming  by 
diluting  the  milk  with  water,  under  the  belief  that  by  reducing  the 
viscosity  the  desired  result  would  follow.  But  this  theory  left  the 
reduction  of  the  density  of  the  plasma  out  of  the  reckoning,  and 
disappointed  its  votaries.  Experiments  have  proved  that  it  is  unsound 
even  with  milks  known  to  be  slow  in  creaming,  and  concerning  the 
benefit  to  which  expectation  was  strong. 

The  Devonshire  System  must  be  noticed,  though  it  is  not  largely 
followed  outside  of  its  native  county.  By  this  is  obtained  the  cele- 
brated Devonshire  or  Clotted  cream,  names  with  which  to  conjure  at 
the  dinner-table,  though  they  convey  more  to  those  who  are  not 
acquainted  with  the  article  than  the  reality  would  do,  for  with  most 
people  the  taste  for  it  has  to  be  acquired.  The  reasons  for  this  will 
presently  appear. 

Since  heating  is  the  main  point  of  the  method,  a stove  (Fig.  174)  is 
commonly  used,  with  a water  space  over  it,  and  openings  to  receive 
the  setting  pans,  which  are  like  the  old  shallow  pans  but  of  less 

diameter  and  deeper.  The 
usual  practice  is  to  raise  the 
cream  at  the  air  temperature 
for  twelve  hours  and  then  to 
remove  it  to  the  stove,  unless 
it  is  originally  set  in  place 
for  heating  as  is  done  where 
the  stove  accommodation  is 
sufficient.  If  carried,  great 
care  is  needed  to  avoid  dis- 
turbing the  cream  layer. 
The  temperature  is  raised  to 
170°  F.,  or  a few  degrees 
higher.  The  makers  gener- 
ally do  not  recognise  any 


Fig.  174. — Devonshire  Creaming  Stove. 


temperature  as  correct,  but  that  given  is  the  product  of  our  own 
experience.  The  common  rule  is  to  heat  to  any  point  shoit  of  boiling, 
and  continue  it  until  a crinkled  ring  is  formed  at  a point  a a , F ig.  174, 
immediately  above  the  angle  formed  by  the  side  and  the  bottom  of  the 
pan.  But  it  is  found  that  when  the  heat  is  carried  above  the  point 
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named  the  flavour  exceeds  the  correct  degree  as  fixed  by  public  taste. 
This  heating  has  four  effects  : — (a.)  It  affords  an  example  of  heating 
from  beneath  with  the  creation  of  upward  currents,  which  modify  the 
rule  of  the  influence  of  rising  temperature  on  creaming.  This,  to  some 
extent  therefore,  helps  up  the  globules  which  have  not  reached  the 
surface,  and  the  separation  is  greater  than  with  the  old  shallow  setting 
in  air.  (6.)  The  albumin  is  coagulated,  and  rises  with  and  helps  up 
the  globules,  forming  a skin,  (c.)  The  albumin  acquires  a heated  or 
scalded  taste,  which  is  communicated  to  the  cream,  and  in  a less 
degree  to  the  plasma  as  well,  (d.)  It  kills  the  living  ferments,  and  for 
a time  checks  the  germs  ; but  as  the  milk  descends  through  the  range 
of  favourable  temperatures,  fermentation  commences  afresh,  and  the 
end  is  but  delayed.  Sometimes  the  milk  coagulates,  but  this  can  only 
happen  under  conditions  specially  favourable  to  fermentation,  and  in 
operation  before  the  scalding  takes  place.  When  it  does  happen,  the 
product  is  spoiled  for  trade  purposes.  There  is  scarcely  less  need  for 
care  and  cleanliness  with  this  system  than  with  any  other.  After 
heating,  the  pan  is  set  in  a trough  supported  by  strips  of  wood,  and 
water  is  kept  running  round  it,  or  cooled  by  any  means  which  does 
not  make  it  necessary'  to  put  it  on  a flat  surface,  for  in  that  case  the 
heat  in  the  bottom  of  the  pan  is  longer  held,  with  increased  risk  of 
souring.  Here  it  remains  another  twelve  hours,  the  falling  tempera- 
ture giving  a further  help  to  the  creaming,  and  by  the  end  of  that  time 
there  should  not  be  more  than  .30  of  1 per  cent,  of  fat  left  in  the 
plasma.  The  system  can  be  perfectly  carried  out  with  Jersey  or  other 
double  pans,  if  made  of  sufficient  depth,  eight  inches  minimum,  the 
stove  being  then  unnecessary.  The  quality  of  the  milk  is  a matter  of 
importance,  for  depth  is  desired  in  the  cream  layer  as  far  as  can 
be  consistent  with  thickness  of  body,  and  this  combination  is  only 
possible  with  a rich  milk.  The  milk  of  the  Devon  cattle  is  suit- 
able to  the  manufacture,  as  are  also  the  milks  of  the  Channel 
Islanders,  and  the  dairyer  is  advised  not  to  attempt  it  with  poorer 
milk.  The  scalded  taste  is  objectionable  to  most  people,  and  the 
article  is  in  less  demand  relatively  than  it  was,  other  delicacies 
passing  it  in  popularity. 

Mechanical  Creaming. — We  now  come  to  a method  of  creaming  in 
which  centrifrugal  force  is  employed  to  effect  the  speedy  removal  of 
the  ci  earn.  This  is  brought  about  by  the  mechanical  cream  separator, 
which  pioceeds  on  the  lines  of  our  boy  with  the  bucket  of  water, 
a vessel  being  made  to  revolve  so  fast  as  to  cause  the  milk  to  press 
towards  its  circumference  with  great  force.  Here  the  plasma  naturally 
pi  esses  away  from  the  centre,  by  reason  of  its  density  increased  out  of 
all  piopoition  to  that  of  the  globules,  and  these  therefore  pass  to  the 
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inner  surface  of  the  body  of  milk  and  there  form  a layer  of  cream, 
which,  as  well  as  the  plasma,  is  removed  by  various  devices. 

In  comparison  with  the  best  setting  systems,  the  most  striking 
advantage  of  the  separator  is  the  quickness  with  which  creaming  is 
effected  by  it.  In  this  they  cannot  hope  to  approach  it.  This  makes 
it  possible  to  obtain  the  separated  milk  in  so  fresh  a state  as  to  be 
better  fitted  for  household  use  than  that  from  the  best  creamed  at 
twelve  hours  old.  Under  equal  conditions,  the  keeping  quality  of  the 
former  is  superior.  This  is  not  only  because  the  fermentation  is  less 
advanced, — though  with  proper  cooling  the  difference  is  not  great  in 
this  respect, — but  even  more  because  the  separator  throws  out  any 
solid  foreign  matter  which  may  be  in  the  milk  to  the  furthest  point 
possible  in  the  drum, — and  there  it  is  found,  after  the  creamed  milk  has 
passed  off,  mingled  with  a small  quantity  of  nitrogenous  matter, 
probably  nuclein,  and  forming  with  this  a filthy  slime.  This  we 
cannot  doubt  is  due  to  dirty  milking.  Its  removal  is  highly  desirable,  and 
not  possible  in  the  pans.  The  accumulation  during  the  running  through 
of  a few  hundred  gallons  of  milk  is  astonishing  and  disgusting. 
There  is  a serious  danger  of  the  suppliers  of  factories  assuming  that 
this  power  to  separate  foreign  matter  covers  their  carelessness,  and  so 
they  may  become  more  careless.  There  is,  however,  no  room  for  this. 
The  effects  of  dirty  management  are  by  no  means  wholly  removed  in 
this  way.  The  ferments  and  their  products  remain,  as  well  as  all 
soluble  matter  of  dung  or  other  forms  of  filth,  and  their  ammonia, 
acids,  &c.  The  reduction  of  possibilities  is  great,  we  know  ; but  we 
know  as  well  that  the  cream  and  skimmed  milk  from  a cleanly  milked 
and  properly  managed  setting  in  a cabinet,  is  in  better  keeping 
condition  than  those  from  a dirty  milking  which  has  passed  through  a 
separator.  If  the  milk  be  pure  at  the  outset,  the  separator  has  the 
advantage  ; but  it  cannot  give  out  a sound  long-keeping  product  from 
any  other  original.  The  cream,  in  the  absence  of  special  treatment,  is 
early  spoiled  in  such  a proportion  of  cases  as  to  greatly  reduce  the 
profits  of  this  more  than  usually  profitable  trade  \ and  the  same  is  true 
of  the  separated  milk  "When  sold  for  household  consumption. 

The  yield,  under  equal  management,  is  larger  than  with  the  best 
setting  methods,  but  the  difference  is  not  so  great  as  is  commonly 
believed.  It  is  usual  to  set  the  separator  in  comparison  with  the 
old  style  shallow-pans  ; and  anybody  who  has  used  these,  and  later 
adopted  the  separator,  will  be  justified  in  giving  strong  testimonials, 
with  quotations  of  record  showing  20  to  30  per  cent,  gain  by  the 
change  ; but  manifestly  such  facts  do  not  apply  all  round.  The 
cabinets  and  shallow  double  pans  press  closely  on  the  heels  of  the 
centrifugal  machine  ; and,  if  well  managed,  will  do  better  work  than  the 
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latter  can  do  in  ignorant  or  careless  hands.  As  a proof,  the  cabinet 
creamer  has  been  known  to  remove  all  but  .23,  or  less  than  a quarter 
per  cent.  ; while  .20,  or  one-fifth,  per  cent,  is  regarded  as  good  work 
with  the  separator,  and  a little  neglect  will  easily  leave  .30  to  .40  of 
1 per  cent,  of  fat. 

For  the  cream  trade  a thick  article  is  demanded,  and  this  the 
separator  can  give,  though  no  setting  system  but  the  “ Devonshire  ” 
can  do  so.  For  butter-making  a thinner  cream  will  answer,  down  to 
the  consistency  at  which  it  churns  best.  An  economy  of  time  is  gained 
by  this,  for  the  milk  can  be  more  quickly  passed  through  with  good 
work  than  when  thick  cream  is  wanted.  Against  this  must  be  set  the 
loss  of  the  excess  of  separated  milk  taken  with  the  cream,  which  can 
only  be  obtained  as  buttermilk. 

We  have  now  to  fight  some  false  notions  concerning  the  separator. 
It  is  believed  to  injure  the  cream;  this  charge  being  based  on  the 
undoubted  fact  that  in  public  competition  its  products  are  often  beaten 
by  those  of  setting  methods.  We  have  heard  it  repeatedly  affirmed  by 
persons  whose  opinions  should  carry  weight,  that  such  experiences  are 
frequent  enough  to  justify  their  preference  for  a good  cabinet  whenever 
butter  is  wanted  for  show  purposes.  The  evidence  so  far  has  been 
strongly  in  their  favour,  but  on  being  sifted  it  has  been  traced  to  error 
in  the  management  of  the  cream  and  butter-making.  It  seems  to  be 
taken  for  granted  that  cream  is  alike  whatever  its  source,  and  needs  no 
variation  in  its  treatment.  That  this  is  wrong  will  be  presently  shown. 
Microscopical  examination  of  separated  cream,  and  the  practical  hand- 
ling of  such  under  suitable  conditions,  alike  prove  that  nothing  happens 
in  the  process  which  can  by  any  possibility  damage  the  cream.  It 
simply  needs  to  be  treated  consistently  with  facts.  Equally  absurd  is 
the  belief  that  the  separated  milk  is  harmed,  and  rendered  unfit  for 
cheese-making.  Some  have  actually  asserted  that  cheese  cannot  be 
made  from  it  ! These  are  delusions,  as  may  be  easily  proved.  We 
have  made  cheese  from  it,  and  as  good  as  from  any  set  milk  of  equal 
quality,  nor  have  we  found  any  difference  in  the  comparative  behaviour 
of  the  curds. 

On  the  other  hand,  unreasonable  things  are  said  in  behalf  of 
the  machine,  eg.,  that  it  can  produce  cream  free  from  casein.  This 
is  practically  impossible,  apart  from  the  setting  free  and  gathering 
of  the  butter.  The  cream  will  not  churn  in  any  case  without  leaving 
a residue  of  buttermilk  with  a full  proportion  of  casein  ; for  though 
the  free  part  of  this  constituent  as  it  exists  in  the  plasma  may  be 
reduced  by  making  a thick  cream,  the  proportion  of  that  which 
forms  the  envelopes  is  increased  relatively  along  with  the  increase 
of  the  fats,  I he  separation  in  this  way  gives  a strong  proof  of  the 
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envelope  theory ; for  if  this  were  not  sound,  there  ought  to  be  no 
difficulty  in  getting  free  fat  by  carrying  the  cream  thickening  as 
far  as  it  will  go.  We  have  obtained  it  as  thick  as  a fruit  jelly, 
but  never  deficient  in  casein.  The  position  of  the  separator  is 
secure,  and  nothing  can  be  gained  by  making  unsound  charges 
against  it,  or  unsound  claims  in  its  favour. 

Examples  of  the  Separator.— We  may  now  describe  the  leading 
forms  of  the  invention,  taking  first  the  Danish- Weston  machine,  as 
one  of  the  oldest  now  in  any  considerable  use.  The  drum  a (Fig.  175), 


is  nearly  cylindrical.  A flange  b is  fixed  a little  below  its  upper  ring  c, 
and  the  creamed  milk  passes  through  the  aperture  d into  the  space 
between  the  two,  from  whence  it  is  collected  by  a tube  e,  having  a 
contracted  and  keen  edge  which  is  so  set  by  a thumb-screw  as  to 
project  into  the  milk  as  it  revolves,  and  this  then  rushes  into  the  tube 
with  force  enough  to  carry  it  upwards  by  e to  a height  convenient  for 
capillary  cooling.  Another  tube  yj  with  a smaller  end,  collects  the 
cream  in  the  same  way,  but  is  provided  with  a screw  g by  which  the 
proportion  of  cream  to  be  removed  can  be  regulated.  The  milk  is  fed 
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from  a tank  into  Prof.  N.  J.  Fjord’s  regulator  /z,  a vessel  out  of 
which  a conical  pipe  leads  the  milk  to  the  bottom  of  the  drum, 
the  flow  being  controlled  by  the  graduated  rod  z',  which  being  raised 
or  lowered,  enlarges  or  contracts  the  space  for  the  milk  passage. 
The  machine  is  set  low  on  its  bed,  travels  at  a comparatively  slow 
rate  (from  2000  to  2800  revolutions  per  minute),  requires  from  one 
to  three  horse-power  effective  to 
run  it,  and  creams  from  60  to  260 
gallons  per  hour,  according  to  size. 

It  is  run  from  an  intermediate 
motion,  which  consist  of  two  pulleys 
set  on  a common  shaft,  the  one 
being  small  and  run  from  the 
main  shaft  by  a belt;  and  the  other 
being  larger  and  similarly  con- 
nected with  the  spindle  pulley  of 
the  separator,  the  speed  of  this 
last  being  greatly  increased  by 
the  arrangement.  The  means  of 
separating  the  action  of  these  two 
pulleys  is  provided  in  every  inter- 
mediate by  a clutch  or  a loose 
pulley,  to  which  the  main  belt  is 
shifted  so  that  the  machine  may 
gradually  run  down  when  the  en- 
gine has  ceased  to  work.  We  need 
not  therefore  again  describe  this 
part  of  all  separator  outfits.  The 
Danish  machine  does  not  serve  for 
thick  cream  so  well  as  some  other 
makes  on  account  of  the  mode  of 
removal. 

The  “ Laval”  machine,  Fig.  176, 
is  of  Swedish  manufacture.  Its 
drum  a provides  for  the  escape 
of  the  cream  over  the  top  of  the 
neck  &,  and  of  the  creamed  milk  by  the  tube  c,  through  an  opening 
in  the  neck  at  d , the  flow  being  controlled  by  a screw  which  en- 
larges or  reduces  the  passage  as  may  be  required.  The  cream  is 
collected  within  a dish  with  a tube  outlet  f and  the  creamed 
milk  within  another  dish  g,  with  its  outlet  h,  the  former  fitting  into 
the  latter,  and  this  again  into  the  drum  casing  z',  while  into  the 
cteam  dish  fits  the  funnel  dish  7,  which  receives  the  whole  milk 
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from  the  heater  and  directs  it  into  the  cup  k at  the  bottom  of  the 
drum.  In  entering  this  cup  the  milk  strikes  upon  a cone  which 
prevents  frothing,  and  flies  through  the  tube  / to  mingle  with  the  other 
contents.  A worm  on  the  spindle  m works  a speed-counter  n,  by 
which  the  revolutions  per  minute  may  be  easily  ascertained.  The 
spindle  and  drum  are  inseparable,  and  great  care  is  needed  to  avoid 
bending  the  former,  or  otherwise  injuring  it  in  removal  or  return- 
ing. The  lower  end  of  the  spindle  rests  in  a box  at  the  head  of  the 
pulley  spindle.  The  heater  consists  of  a double-cased  vessel  o,  with 
a steam  inlet  pipe  ft,  and  an  outlet  r,  in  the  track  of  which  a tube 
holds  a thermometer  s to  register  the  temperature  of  the  out-flowing 

water.  The  pipe  ft  is  connected 
with  the  steam  supply  by  gutta- 
percha tubing,  of  the  quality 
specially  made  for  steam  use  ; 
and  another  length  should  lead 
the  water  from  r to  a proper 
place  of  discharge,  otherwise  it 
will  become  a nuisance,  splash- 
ing on  the  machine  and  keeping 
the  floor  wet.  A funnel  t re- 
ceives the  milk,  a float  automati- 
cally regulating  the  passage  of 
milk  from  the  tap,  while  the 
lower  end  of  the  funnel  tube 
rests  in  a box  it,  both  having 
apertures  v which  correspond 
in  size.  By  moving  the  funnel  t 
around  to  right  or  left,  these 
apertures  are  changed  in  their 
relations  to  each  other,  and 
make  the  spaces  through  which  the  milk  may  flow  larger  or  smaller 
as  may  be  necessary  in  regulating  the  inflow  to  the  drum.  The 
separated  milk  when  wanted  for  the  trade,  or  for  cheese-making, 
can  be  carried  to  the  height  necessary  for  discharge  to  the  cooler 
or  vats  by  a pump  w,  worked  by  a worm  on  the  spindle  box.  The 
motion  may  be  derived  from  an  intermediate,  or  a turbine,  the 
latter  being  placed  within  an  iron  casing,  and  immediately  on  the 
lower  spindle.  Where  an  engine  is  in  use  the  former  is  the  better 
plan. 

Recently  an  improvement  has  been  made  by  introducing  a number 
of  discs  which  divide  the  milk  into  thin  layers,  decreasing  the  agitation, 
and  increasing  the  quickness  and  extent  of  the  separation.  W ithin 
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the  drum  a (Fig.  177),  the  discs  (b)  are  set  above  each  other,  the 
conical  upper  part  of  the  drum  being  screwed  on,  and  holding  them 
in  place.  The  cup  ( c ) is  larger  than  in  the  other  case,  and  a tube 
(1 d ) conducts  the  milk  into  it,  preventing  any  splashing  against  the 
nearer  body  of  cream.  Both  forms  are  made  in  various  sizes  from  1 2 
gallons  to  360  gallons  per  hour,  running  at  6,000  to  7,000  revolutions 


fiG.  178. — “Alexandra"  Separator. 


per  minute,  with  from  one  to  three  horse-power  required  for  machines 
driven  by  an  engine. 

I he  most  recent  machine — the  “Alexandra,”  Fig.  178, has 

its  drum  (a)  separate  from  the  spindle  (b),  which  makes  it  easy  of 
removal  for  cleaning,  ensures  regularity  of  speed,  and,  in  the  event  of 
any  accident  to  the  engine,  or  gearing,  enables  it  to  run  down  without 
damage.  The  spindle  runs  on  ball  bearings.  The  whole  milk  is 
conducted  to  the  bottom  of  the  drum  by  a funnel  c,  the  cream  dis- 
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charges  into  the  space  between  the  covers  d and  and  the  creamed 
milk  between  the  two  covers  e and  f (the  latter  being  of  iron,  and 
carrying  the  inlet  funnel  g\  the  cream  and  creamed  milk  collecting  for 
discharge  in  grooves  formed  in  the  drum  casing.  A worm  on  the 
spindle  b works  a speed-counter  h,  the  efficiency  of  which  is  increased 
by  a gong  z,  which  is  struck  by  the  hammer  at  regular  intervals.  The 
foundation  is  of  wood,  and  needs  no  bolting  to  the  floor  as  other 
machines  do  ; this  allows  of  the  belt  being  tightened  as  it  becomes  slack 
by  drawing  the  machine  a trifle  farther  away  from  the  intermediate 
motion,  and  of  its  being  removed  to  allow  the  floor  to  be  cleansed. 
The  machines  of  this  make  range  in  capacity  from  25  to  300  gallons 
per  hour,  running  at  6,000  to  8,000  revolutions  per  minute,  and  requiring 
for  power  machines  from  .20  to  1.20  horse-power. 

Management  of  Separators. — With  these  examples  before  us,  we 
may  describe  the  common  principles  of  management.  The  three 
main  points  on  which  the  efficiency  and  economy  of  the  separator 
depend,  are  ( a ) speed,  ( b ) feed,  and  (c)  temperature. 

(a.)  There  is  to  every  machine  a safe  speed  at  which  its  best 
results  are  obtainable,  and  this  should  never  be  exceeded.  In  propor- 
tion as  the  speed  falls  below  the  best  rate,  will  be  the  reduction  of  the 
centrifugal  force  and  of  the  thoroughness  of  the  separation.  The  drum 
should  be  got  up  to  full  speed  before  any  milk  is  supplied,  and  as  the 
best  machines  run  by  friction  this  will  take  a few  minutes.  The  shaft 
pulley  should  be  of  such  a diameter  as,  with  the  intermediate  and 
spindle  pulleys,  will  give  exactly  the  correct  speed  when  the  engine  is 
running  at  its  best.  There  should  be  no  danger  of  excess. 

(b.)  The  rate  at  which  milk  is  supplied  to  the  drum  governs  the 
rate  at  which  it  must  leave  it,  for  the  neck  or  ring  of  the  drum  gives 
the  limit  to  the  holding  capacity,  and  when  this  is  reached  all  fresh 
supplies  must  cause  a corresponding  discharge  of  previous  contents. 
The  greater  the  feed  of  milk  entering,  the  shorter  time  can  it  remain 
in  the  drum  exposed  to  the  centrifugal  force  ; and  if  the  feeding  is 
carried  beyond  a certain  limit,  there  must  be  a more  or  less  imperfect 
separation.  Within  the  proper  limits  lies  the  regulation  of  the  cream 
thickness.  The  slower  the  feed  of  milk  and  the  longer  therefore  its 
stay  in  the  drum,  the  thicker  will  be  the  accumulation  of  cream ; this 
effect  being  reversed  with  fast  feeding,  which  is  commonly  followed 
when  the  cream  is  for  making  butter.  I he  relative  rate  at  which 
cream  and  creamed  milk  can  leave  the  machine  is  regulated  in  each 
case  by  special  devices. 

( c .)  The  centrifugal  force  can  be  helped  by  a suitable  temperature  ; 
for,  though  it  is  sufficient  of  itself  to  effect  separation  with  slow  feeding, 
it  will  do  as  well  in  less  time  if  the  milk  as  a whole  is  of  somewhat 
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lighter  density  than  it  would  be  as  cooled  for  the  factory.  Between 
8o°  F.  and  90°  F.  the  best  temperatures  for  the  various  machines  are 
found.  The  old  style,  still  pursued  in  some  cases,  is  to  collect  the 
milk  in  a double-case  vat,  heated  by  steam  or  hot-water,  keeping  it 
stirred  the  while.  This  is  objectionable  with  all  but  very  small 
quantities,  because  the  required  temperatures  are  within  the  range 
favourable  to  fermentation,  and  the  keeping  quality  of  the  products  is 
reduced  thereby.  In  cases  where  the  cream  is  for  butter-making,  and 
the  separated  milk  will  be  used  on  the  farm,  this  may  not  be  of  much 
consequence ; but  when  they  are  for  household  use,  the  practice 
should  be  avoided.  A much  better  plan  is  to  use  a heater  over  which 
the  milk  will  pass  on  its  way  to  the  drum,  and  provide  for  the  cooling 
of  the  products  immediately  after  discharge,  so  that  the  exposure  to 
heat  may  not  last  more  than  two  or  three  minutes.  In  such  case  a 
temperature  five  degrees  higher  is  necessary  to  bring  the  globules 
within  so  short  a time  to  the  density  which  they  would  gain  with  the 
lower  heat  and  longer  time.  The  heater  should  not  be  made  warmer 
than  the  hand  can  bear  before  the  milk  is  started  ; and  the  tempera- 
ture of  the  outflowing  water  should  not  be  more  than  five  degrees 
higher  than  that  suitable  to  the  milk.  The  first  milk  is  liable  to  be 
imperfectly  creamed  while  the  regulation  is  going  on,  and  should  be 
set  aside  to  follow  the  last  whole  milk,  and  so  to  clear  the  bowl  of 
cream  while  yielding  its  own  remainder.  The  best  of  lubricants 
should  be  used,  but  not  in  excess,  an  error  into  which  many  people  fall. 
At  the  great  speeds  named  the  damage  arising,  on  the  other  hand, 
from  neglect  in  this  matter  is  great  and  soon  done.  Most  separators 
require  a syphon  of  yV  inch  to  T4u  inch  diameter  to  empty  the  drum, 
while  others  effect  this  by  a special  construction  of  the  drum  which 
causes  it  to  discharge  its  contents  when  motion  ceases.  The  trouble 
of  the  former  method  is  not  great,  and  its  avoidance  need  not  be 
sought  where  more  important  considerations  are  in  the  balance. 

A good  separator  should  possess  the  following  advantages,  viz.  : (a) 
perfect  control  of  speed  and  the  means  of  correctly  calculating  it  ; 
(b)  the  means  of  regulating  the  milk  feeding,  the  discharge  of  cream  and 
separated  milk,  and  the  thickness  of  cream  while  the  machine  is  in 
motion  ; (c)  ease  in  emptying  and  removing  the  drum,  and  the  parts 
concerned  in  collecting  and  discharging  the  cream  and  creamed  milk  ; 
(d)  as  little  agitation  of  the  milk  as  is  possible  ; ( e ) simplicity  in  con- 
struction, and  ease  in  replacing  damaged  parts  ; (/)  safety  to  the  user, 
the  parts  in  motion  being  well  protected  ; (g)  a low  speed  ; (//)  small 
demand  for  driving  power,  and  (z)  a reasonable  first  cost,  with  none 
for  setting.  We  are  well  aware  that  all  these  cannot  be  obtained  in 
the  highest  degree  in  any  one  machine;  patents  bar  the  way  to  such  a 
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combination  of  excellencies.  A better  separator  than  any  in  the 
market  could  be  made  by  bringing  together  the  special  protected 
points  of  three  or  four  of  the  best  machines.  In  the  meantime  the 
reader  is  advised  to  weigh  well  the  advantages  present  in  each 
machine,  and  take  that  in  which  the  most  in  number  and  importance 
are  found. 

The  number  of  separators  for  a factory  should  be  calculated  to 
allow  for  two  periods  of  not  more  than  four  hours’  consecutive  running 
in  each  day.  Longer  use  means  a proportionately  earlier  wearing, 
because  of  the  heat  produced  by  the  friction,  and  it  is  strict  economy 
not  to  work  a machine  up  to  its  full  possibilities. 

We  have  taken  it  for  granted  that  the  separator  will  be  used  in  all 
factories  and  wherever  the  cream  and  creamed  milk  are  to  be  sold, 
but  on  farms  where  butter-making  only  is  followed,  and  the  by-pro- 
ducts are  fed  to  animals,  the  case  is  different.  If  a farmer  is  changing 
from  the  old  shallow-pan  system,  and  can  provide  for  the  proper 
management  of  a separator,  he  should  adopt  it ; but  if  he  has  already 
a really  good  setting  system  we  are  satisfied  that  the  change  is 
unnecessary.  He  can  make  first-class  goods  with  what  he  has,  and, 
with  proper  care,  come  within  .05  of  1 per  cent,  of  the  average 
separator  creaming.  The  difference  in  economy  will  take  long  to 
cover  the  first  cost  of  the  exchange. 

Management  of  Products. — The  cream,  if  intended  for  butter- 
making, should  be  cooled  to  6o°  F.  ; if  for  the  trade,  as  much  lower  as 
is  economically  possible.  The  air  will  do  something  in  this  direction, 
but  will  generally  need  to  be  supplemented,  and  when  plunging  in 
cold  water  fails,  it  will  need  special  treatment.  Trade  cream,  we 
believe,  usually  has  some  preservative  added  to  it,  and — provided 
this  be  of  a perfectly  wholesome  character — there  can  be  no  reason- 
able objection  to  the  practice,  any  more  than  to  the  use  of  salt  in 
cheese  and  butter.  But  this  should  follow  the  best  cooling  obtainable, 
and  not  take  its  place,  for  the  effect  of  the  preservative,  or  the 
quantity  required,  will  depend  somewhat  on  the  temperature.  The 
“ Boron  ” class  of  such  substances  is  recommended,  and  they  should 
be  mixed  in  a dry  state  with  the  cream  by  thorough  stirring  and 
before  the  pots  are  filled.  The  whole  preparation  should  be  carried 
through  as  quickly  as  possible.  The  best  pots  are  of  stoneware,  but 
fancy  shapes  in  terra-cotta  are  also  used.  1 he  latter  should  be  glazed 
on  the  inside. 

Separated  milk  for  sale  may  be  treated  in  several  ways  to  ensure 
its  keeping  well.  When  the  air  is  below  55°  F.  cooling  will  answer 
alone  ; with  higher  temperatures  preservatives  or  partial  sterilisation 
will  be  necessary.  The  latter  will  inevitably  give  a scalded  taste  in 
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some  degree,  and  this  will  create  a difficulty  with  most  consumers. 
The  treatment  in  any  case  should  keep  the  milk  from  perceptible 
sourness  for  twelve  hours  after  it  reaches  the  purchasers,  many  of 
whom  will  use  it  in  cookery  late  on  the  day  of  arrival.  rI  he  import- 
ance of  pure  air  and  vessels  may  here  be  afresh  insisted  on. 

Creaming  Whey.— In  the  Cheddar  factory  plan  (Fig.  62)  the 
separator  (59)  is  provided  for  the  creaming  of  whey  immediately  on 
coming  from  the  vats,  and  we  are  persuaded  that  such  a provision 
gives  a desirable  economy.  The  creaming  in  tanks  is  always  im- 
perfect, and  if  the  whey  is  kept  more  than  twenty-two  hours  the 
storing  provision  must  be  doubled,  while  experience  has  proved 
that  the  cream  will  be  injured  by  lying  so  long  on  the  surface.  The 
large  proportion  of  separated  whey  to  the  cream  obtained  makes 
most  forms  of  the  separator  unfit  for  this  work  without  structural 
alteration  ; but  the  Danish  machine  is  an  exception,  the  difficulty 
being  met  by  regulation  of  the  gathering  tubes.  As  now  made  these 
will  work  to  their  estimated  capacity  for  whole  milk  ; while  by  the 
enlargement  of  the  separated  milk  tube  to  treble  its  ordinary  size, 
a corresponding  increase  of  capacity  will  result,  the  cream  tube 
collecting  without  alteration  the  product  from  the  large  quantity  of 
whey  removed  by  the  other.  The  temperature  at  which  whey  is 
drawn  is  suitable  to  this  process,  and  no  heating  is  therefore  required. 
Other  facts  relating  to  the  economy  of  the  whey  butter  manufacture 
will  be  found  in  the  next  chapter. 

Blending  Butters. — This  is  much  practised  abroad,  in  countries 
where  the  texture  and  body  of  the  butters  are  high,  and  the  necessary 
manipulation  does  therefore  but  little  injury;  but  with  the  products 
of  most  English  breeds  the  results  would  not  be  satisfactory.  The 
butters  are  purchased  in  the  markets,  classified  according  to  quality, 
and  each  class  blended  by  machinery  to  a common  state.  It  is  not  of 
sufficient  importance  to  justify  further  description. 
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B UTTER-MAKING. 

Butter  is  produced  from  cream,  by  setting  the  fats  of  the  globules 
free  from  their  envelopes,  and  gathering  them  into  a solid  form.  This 
is  done  by  churning,  in  which  concussion , or  the  agitation  given  by 
blows,  is  applied  to  the  cream,  the  repetition  of  this  not  only  affecting 
the  globules  which  directly  receive  it,  but  the  rest  also  by  collision  with 
each  other.  Through  the  constant  changing  of  the  cream  surface  by 
the  stirring  which  accompanies  concussion,  the  globules  share  about 
equally  in  both  forms  of  the  action.  In  the  course  of  time  the  envelopes 
are  broken,  after  which,  under  the  continuance  of  the  same  action,  their 
contents  adhere,  and  so  become  steadily  larger  until  they  can  be  seen. 
In  the  meantime  the  casein  of  the  envelopes  has  been  reduced  to  a 
fine  state  of  division  and  evenly  distributed  ; and  the  butter,  being 
separated  from  it  and  from  the  water,  is  removed.  The  residue  is 
buttermilk. 

In  removing  the  butter  a quantity  of  buttermilk  is  removed  with  it. 
This  contains  casein  in  solid  particles,  as  also  both  casein  and  albumin 
in  gelatinous  suspension,  and  sugar  and  ash  constituents,  in  their  pro- 
portions to  the  plasma  of  the  original  milk  retained  in  the  cream,  and 
it  is  now  desirable  to  extract  this  as  far  as  is  possible  without  doing 
damage  by  the  means  used  for  that  purpose.  Up  to  the  present  we 
know  of  no  means  which  will  effect  a complete  extraction  ; and  com- 
mercial butter,  therefore,  contains  a small  quantity  of  casein  and  sugar, 
and  minute  traces  of  the  other  constituents  referred  to.  For  preserva- 
tion, salt  is  generally  employed  ; and  with  this,  in  sufficient  proportion, 
butter  will  keep  for  a very  much  longer  time  than  it  could  do  without 
it.  The  water  is  removed  to  a certain  limit,  the  grains  of  butter  are 
consolidated  by  pressure,  and  the  manufacture  is  complete. 

Characteristic  Qualities  of  Butter. — The  product  has  certain  quali- 
ties, varying  according  to  the  source  of  the  fats  and  the  management. 
These  are  as  follows,  viz.  : — 

(a.)  Flavour,  which  has  two  main  or  inherent  causes,  and  sundry 
others  arising  from  without.  There  is  first  a delicate  flavour  which 
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belongs  to  the  fats  themselves.  Even  stearin  is  not  absolutely  tasteless, 
though  nearly  so  ; palmitin  and  olein  have  slightly  more  flavour,  and 
those  volatile  fats  which  have  come  from  the  cow’s  food  are  most  pro- 
nounced of  all.  Nevertheless,  they  give  altogether  only  a very  faint 
taste  ; but  this  to  a perfectly  natural  palate  would  be  preferable  to  any 
which  comes  by  special  treatment  or  with  age. 

The  second  flavour  is  also  composite,  and  arises  from  the  changes 
which  the  fats  undergo  by  fermentation,  oxidation,  and  other  natural 
causes  which  cannot  be  absolutely  prevented  under  ordinary  conditions, 
but  which  may  be  kept  within  certain  limits.  It  is  possible  that  some 
such  changes  commence  quite  early  in  milk,  while  the  globules  are  still 
protected  by  their  envelopes  ; but  they  must  then  be  very  limited,  and 
there  is  every  reason  to  believe  that  the  ferments  have  no  direct 
dealings  with  the  fats  until  they  have  been  set  free.  It  is  quite  likely 
that  the  envelopes  themselves,  affected  by  fermentation,  in  turn  affect 
the  fats,  and  admit  of  the  fermentative  products  in  the  milk  at  large 
doing  the  same,  and  this  especially  in  view  of  the  tendency  of  fats  to 
absorb  flavours  and  odours.  But  when  the  butter  has  been  separated 
it  may  rapidly  become  a prey  to  its  enemies,  hence  the  importance  of 
ridding  it  of  all  other  matter  fermented  or  capable  of  fermentation. 
There  can  be  no  doubt  that  much  of  the  flavour  of  the  butter  of  com- 
merce is  due  to  the  remainders  of  such  substances.  But  even  if  these 
were  entirely  removed,  there  would  be  nothing  to  hinder  the  action  of 
air  ferments, — the  day  of  ruin  would  only  be  delayed  by  the  best  condi- 
tions practicable.  The  volatile  fats  are  capable  of  being  reduced  to 
new  forms,  the  normal  butyric  acid  being  one  of  the  most  pungent  of 
these ; and,  with  this,  caproic  acid  and  its  relatives  have  been  regarded 
as  purely  the  products  of  the  action  of  B.A.F.  and  kindred  microbes. 

It  is  naturally  very  difficult  to  settle  the  case  beyond  dispute,  but  a 
consideration  of  all  the  facts  before  us  leads  to  the  conclusion  that 
there  are  volatile  fats  in  milk  before  fermentation  can  affect  it  in  the 
least,  but  of  such  a character,  and  in  such  small  proportions,  as  to  bear 
no  comparison,  by  ordinary  tests,  with  the  products  of  fermentative 
change.  Following  this  view,  we  may  be  sure  that  the  development  of 
these  flavours  of  the  second  class  will  depend  on  the  conditions  attend- 
ing the  globules  in  the  milk  and  cream,  and  those  in  the  butter  when 
made.  We  may  now  consider  those  which  are  inseparable  from  butter 
as  best  made  and  kept  to  be  natural  also,  though  not  original ; and 
the  others  as  unnatural  or  excessive.  The  former  give  no  trouble  until 
they  become  excessive,  the  unnatural  are  always  a source  of  com- 
mercial  loss  \ the  one  sort  leaves  butter  a luxury  up  to  a certain  age, 
the  others  spoil  it  early  and  beyond  remedy. 

Among  the  unnatural  is  sourness , arising  from  the  retention  of 
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fermenting  milk  sugar  in  the  original  water  of  the  milk,  or — as  is 
supposed  from  its  proportion  in  some  butters — as  dissolved  salt  is 
held  in  some  degree  when  the  water  dissolving  it  has  been  removed  by 
pressure.  The  absorption  of  other  fermentative  flavours  must  needs 
be  according  to  their  kinds  and  proportions.  Besides  these,  there  is 
the  milky  taste  given  by  buttermilk  retained,  but  not  yet  showing 
advanced  fermentation.  This  is  much  enjoyed  by  many  people, 
innocent  of  the  mischief  lurking  behind  it. 

The  flavours  of  foods , as  roots,  cabbage,  badly  made  hay  and 
silage,  noxious  plants  in  the  fields  or  hay,  cakes,  meals,  and  such  like 
substances,  are  found  in  butter  ; in  some  cases  recognisable,  in  others 
so  altered  or  blended  as  to  differ  from  those  of  the  foods,  but  evidently 
caused  by  them,  and  disappearing  when  they  are  no  longer  used. 
Other  flavours  accompany  odours  taken  from  various  sources,  such  as 
meat,  fish,  or  high  game,  cooked  food  (so  often  kept  in  the  convenient 
daily  “because  it  is  cool”),  from  paint,  tar,  decaying  substances,  and 
what  not, — and  found  either  in  the  milk,  the  cream,  or  the  butter,  or  all, 
as  may  happen. 

(A)  Odour  arises  from  the  same  causes,  and  frequently  agrees  with 
flavour.  The  aroma  of  a perfect  butter  is  delicate,  and  adds  much 
to  the  enjoyment  of  its  use  ; but  with  deterioration  this  departs  to  give 
place  to  a nastiness  finally  intolerable.  The  value  of  butter  is  largely 
dependent  on  these  qualities  being  of  the  finest ; it  is  this  which  makes 
the  difference  between  a luxury  and  mere  grease.  The  dairyer  must 
watch  all  possible  sources  of  mischief,  beginning  at  the  cow  ; and  all 
his  processes  must  be  governed  by  the  necessity  for  their  exclusion. 

(c.)  Texture. — As  butter  in  the  mass  consists  of  compressed  grains 
of  that  substance,  these  are  said  to  form  a “ grain,”  though  the  term  is 
not  strictly  accurate,  and  “ texture  ” is  a better  word.  The  grains  or 
granules  produced  by  churning  are  fine,  but  in  a degeee  more  solid 
than  the  mass  which  they  form,  when  well  managed,  because  they  are 
not  brought  into  such  close  relations  as  exist  between  their  own 
particles.  Hence  when  a piece  of  butter  of  good  texture  is  broken  off 
it  shows  a rough  fracture  like  granite,  and  when  it  breaks  smoothly  it 
is  said  to  have  no  grain.  Texture  proceeds  from  two  causes.  The 
one  ( a ) is  original,  dependent  on  the  cow.  The  larger  the  fat  globules 
in  her  milk,  the  coarser  will  be  the  grain  of  her  butter  under  good 
management  ; and  under  worse  handling,  the  less  will  be  the  damage 
done  within  the  first  limits  of  mismanagement.  The  butter  of  Channel 
Islands  cattle  have  this  quality  at  its  best  ; the  Kerry,  Devon,  and 
Sussex  breeds  in  lower,  and  the  Shorthorns  in  still  lower  degree  ; while 
the  Ayrshires  come  nearly  or  quite  at  the  bottom  of  the  list.  This 
gives  a guide  to  inherent  possibilities  ; but  it  by  no  means  follows  that 
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the  butters  of  these  breeds  will  stand  in  such  relations  as  to  this 
point.  Much  will  depend  upon  the  other  cause,  (6)  the  management. 
The  exposure  of  the  butter  to  too  high  temperatures,  and  too  much 
handling,  will  reduce  the  texture  to  a corresponding  extent  by 
separating  the  solid  and  liquid  fats. 

{( i .)  Body. — Natural  solidity,  or  resistance  to  pressure,  accompanies 
the  size  of  the  globule  in  the  original  foundations  of  texture,  though  it 
it  is  not  so  easily  discernible.  It  is  also  affected  by  such  feeding  as 
changes  the  relative  proportions  of  the  solid  and  liquid  fats,  for  with 
the  increase  of  the  solid  fats  this  quality  rises. 

(, e .)  Solidity,  as  produced  by  manipulation.  In  finished  butter 
there  should  be  no  loose  parts  or  crevices,  confining  air  or  moisture 
with  favourable  conditions  for  the  ferments. 

(f.)  Keeping  quality.—  Fine  butters,  lightly  salted,  have  been  kept 
under  the  best  natural  conditions  for  five  or  six  weeks  without  passing 
out  of  the  good  stages ; the  majority  of  butters  would  not  keep  so 
well  for  ten  days,  and  many  are  spoiled  within  half  that  time.  Failure 
in  its  various  degrees  is  due  either  to  ( a ) fermentation,  (<5)  too  much  or 
improper  handling,  or  (e)  bad  keeping  conditions.  The  two  former 
belong  to  the  butter,  but  the  last  is  to  no  small  extent  answerable  for 
early  deterioration,  (a.)  Fermentation  scarcely  needs  discussion.  If 
limited  to  the  unavoidable  it  will  take  long  to  spoil  our  product.  ( b .)  Too 
long  working  upon  the  butter,  and  especially  with  the  human  hand, 
helps  in  the  same  direction.  In  all  moral  certainty  ferments  are  intro- 
duced in  proportion  to  the  fresh  surfaces  exposed  and  the  time  of  their 
exposure  to  the  air  ; and  this  may  be  the  explanation  of  the  fact  that 
with  the  breaking  down  of  the  texture,  the  keeping  quality  is  lowered 
in  proportion  ; but  it  is  likely  that  the  volatile  fats  are  separated  by 
the  same  action,  givings  the  ferments  a better  chance  of  attack.  But 
when  the  hand  is  used,  its  heat  tends  to  dissociate  the  fats  still  more, 
and  the  perspiration  with  its  acids,  and  products  of  the  waste  of  the 
human  system,  tend  to  spoil  the  flavour  directly,  as  well  as  to  intro- 
duce matter  and  conditions  helpful  to  further  fermentative  changes. 
(e.)  1 he  exposure  of  butter  to  heat  tends  to  the  tallowing  of  the  fixed,  and 
the  dissipation  of  the  volatile,  fats,  besides  encouraging  fermentation. 
In  damp  places  moulds  appear  upon  it,  with  accompahying  decompo- 
sition. Diy  cold  is  beneficial,  and  will  prolong  keeping  indefinitely  at 
and  below  40°  F. 

( S •)  Colour. — The  natural  colour  is  due  to  the  lacto-chrome,  and 
varies  with  different  breeds  (Chapter  V.) ; but  whiteness,  either  in 
patches  or  distributed,  may  be  given  by  an  excess  of  casein,  and  the 
mechanical  dissociation  of  the  solid  and  liquid  fats  by  over-pressure 
also  produces  a patchiness  which  is  often  attributed  to  buttermilk. 
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Discoloration  comes  with  advanced  fermentation.  Annatto  or  other 
vegetable  materials  are  used  to  colour  butter.  The  average  consumer 
is  suspicious  of  adulteration  with  lard,  mutton  fat,  &c.,  if  his  butter  is 
white  ; and  if  it  ranges  somewhere  between  gold  and  a brickbat  he 
thinks  it  must  be  the  product  of  a Jersey  cow.  The  obliging  tradesman 
and  dairyer  at  once  humour  and  deceive  him.  He  knows  and  he  does 
not  know — and  the  practice  continues.  When  the  consumer  becomes 
enlightened,  the  annatto  bottle  will  disappear  from  the  dairy. 

Composition  of  Butter. — This  varies  greatly  with  different  samples. 
The  accompanying  table  gives  a good  standard.  The  water  is  much 


Water 

- 

- 

9-50 

Fat 

- 

- 

88.35 

Casein 

- 

- 

.70 

Sugar 

- 

- 

•15 

Ash  (salt) 

1.50 

100.00 

lower  than  in  common  experience,  which  ranges  between  12  and 
15  per  cent.,  but  it  is  a matter  for  satisfaction  that  the  tendency  of 
present  making  in  this  country  is  towards  reduction.  Water  weighs 
heavier  than  fat,  and  that  is  a great  temptation  to  maintain  the  higher 
proportions ; but  it  is  mischievous  to  the  keeping  quality  of  butter  by 
encouraging  fermentation,  and  the  consumers’  interest  is  sought  when 
it  is  reduced  to  the  point  given  or  lower,  and  he  should  be  prepared  to 
pay  proportionately  more  for  the  better  article.  The  casein  is 
commonly  2 per  cent,  and  upwards,  but  with  good  management  there 
will  be  no  difficulty  in  reaching  our  figure,  with  a relative  increase  of 
the  keeping  quality.  The  sugar  will  be  in  keeping  with  the  water, 
and  should  not  exceed  the  amount  given.  The  ash  is  calculated  at  a 
quarter  ounce  of  salt  to  the  pound  of  butter,  an  old  favourite  propor- 
tion. The  ash  constituents  of  the  original  milk  would  scarcely  be 
estimable  in  such  a butter,  and  are  not  attempted  by  analysts. 

The  above  refers  only  to  goods  made  from  raw  or  unscalded 
milk;  and  the  Devonshire  system  gives  a much  higher  proportion  of 
albuminoids,  mainly  albumin,  but  with  an  increase  of  casein,  totalling 
between  them  6 per  cent,  and  upwards. 

The  Yield  of  Butter  from  a given  quantity  of  milk  varies  greatly, 
according  to  the  management.  The  proportion  of  the  fat  originally 
in  milk  is  not  equally  recoverable  in  all  cases  and  under  like  treatment. 
This  is  probably  due  to  the  difference  in  the  relative  size  of  the 
globules  and  the  corresponding  resistance  to  the  churning  action,  as 
also  to  the  proportion  and  state  of  the  diffused  albuminoids.  If  so, 
it  argues  the  necessity  of  a separate  treatment  of  each  cow’s  milk 
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according  to  its  churnability,  if  it  is  to  give  up  its  proper  amount  of 
butter.  This,  however,  would  exhaust  the  patience  of  the  most  devoted 
enthusiast,  and  we  shall  have  to  be  content  with  a management  which 
will  give  the  best  average  result.  The  losses  in  creaming  and  in 
churning  vary  also  according  to  the  method  and  care  in  its  employ- 
ment, and  the  dryness  of  the  products  also  affects  the  facts.  A.  very 
common  calculation  is  that  an  average  milk  will  yield  1 lb.  of  market- 
able butter  to  three  gallons, — and  this  is  not  far  from  the  truth,  under 
fair  treatment,  though  doubtless  the  separator  and  fine  work  through- 
out will  give  more.  With  higher  milk  qualities  the  yield  will  be 
relatively  larger,  because  retaining  water  in  proportion.  Therefore  in 
this  manufacture  the  richer  the  milk  the  greater  is  the  profit  beyond 
the  original  cost. 

Sweet  Cream  versus  Sour  Cream. — At  the  outset  arises  the  choice 
between  ripened  and  unripened  cream.  Ripening,  as  in  cheese-making, 
is  the  work  of  the  ferments.  It  is  found  in  practice  that  if  a quantity 
of  cream  be  divided  into  equal  quantities  of  equal  quality,  and  one-half 
be  churned  fresh  from  the  separator  or  cold  cabinet,  and  the  other 
exposed  to  the  air  for  a day  or  two,  the  latter  will  give  more  butter, 
and  generally  of  better  quality,  than  the  former.  This  is  doubtless 
due  to  the  action  of  the  friendly  ferments,  and  is  in  proportion  to 
the  time  of  exposure  up  to  a point  near  to  coagulation,  from  which 
the  butter  quality  usually  declines.  We  believe  that  the  C.F.  has 
most  to  do  with  the  changes  wrought,  these  attacking  the  envelopes 
of  the  globules  and  reducing  their  cohesion,  so  that  when  the  churning 
motion  is  applied  it  is  earlier  and  more  fully  effectual  in  separating 
the  butter.  The  casein  of  the  envelopes  in  this  state  is  also  more 
easily  removed,  and  the  amount  of  it  in  the  butter  is  less — with 
equal  treatment — than  in  that  made  from  sweet  cream.  It  has  been 
suggested  that  the  L.A.F.  does  the  work,  but  this  is  contrary  to  its 
action  in  cheese-making.  The  effects,  attributed  to  it  because  they 
followed  early  on  its  use,  were  more  likely  due  to  the  C.F.,  encouraged, 
as  these  are,  by  the  presence  of  the  L.A.F.,  with  possibly  some 
slight  erosive  action  of  its  own.  The  result  is  a gain  of  from  1 5 to 
20  per  cent,  more  butter  from  ripened  than  from  sweet  cream,  with 
the  ordinary  churn  and  proper  temperature.  The  easier  separa- 
tion of  the  buttermilk-casein  gives  a longer-keeping  butter — other 
points  being  equal — than  from  sweet  cream  ; but  when  the  cream  is 
over-ripened,  the  free  casein  coagulates  and  increases  the  difficulty  of 
separation,  so  accounting  for  much  of  the  bad  butter  made  from 
fermented  cream. 

A great  battle  is  being  fought  over  this  question, — the  one  side 
asserting  that  sweet  cream  butter  is  the  most  natural,  perfect,  and  long- 
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keeping  article,  and  must  lead  the  markets  ; the  other,  that  it  can  never 
be  profitable  to  make  it  because  of  the  inferior  yield,  and  that  the 
honours  of  keeping  quality  also  belong  to  the  ripened  cream  product. 
It  is  wholly  a question  of  conditions.  If  the  butters  are  made  in 
ordinary  churns,  the  concussion  is  insufficient  to  secure  the  butter 
from  the  smaller  globules,  which  resist  it  more  effectually  than  the 
larger  ones  can  do,  for  a body  of  larger  area  is  more  easily  broken 
than  one  of  small  size  if  they  are  equally  thin.  Of  two  sheets  of 
glass  of  the  same  thickness,  for  instance,  the  larger  one  is  broken 
with  a less  blow  than  is  necessary  to  break  the  smaller  one.  Now, 
when  the  envelopes  are  made  weaker  by  the  ripening,  the  maximum 
concussion  of  the  churn  is  effectual  with  the  largest  of  these  smaller 
globules.  Under  no  conceivable  conditions,  with  such  a low  breaking 
force,  can  sweet  cream  be  made  to  yield  nearly  as  well  as  its 
rival.  In  removing  the  buttermilk-casein  from  sweet  cream  butter 
special  treatment  will  reduce  it  to  fair  limits,  but  will  at  the  same  time 
proportionately  damage  the  keeping  properties  of  the  butter  from 
another  point  of  attack.  Of  this  more  anon.  With  present  appliances 
the  ripening  has  a great  advantage  in  results. 

There  can  be  no  doubt,  however,  that  if  a sweet  cream  butter  can 
be  made  under  conditions  which  preclude  this  loss  and  the  work  of 
clearing  the  casein  reduced  to  proper  limits,  then  the  product  will 
give  it  the  victory.  A perfect  article  of  this  kind  will  be  more  perfect 
than  the  best  from  ripened  cream,  because  the  original  flavours  will 
be  enjoyed.  That  the  public  taste  will  have  to  undergo  a great 
change  is  true,  but  the  tendency  is  in  the  direction  of  mildness 
both  with  cheese  and  butter.  What  is  needed  is  the  concussion 
sufficient  to  set  free  the  fats  of  the  smallest  globules  in  the  cream,  and 
divide  the  casein  so  minutely  as  to  make  its  removal  easy.  I or  the 
present  we  must  proceed  to  ripen  our  cream. 

Management  of  Cream.— The  best  vessel  for  storing  cream  is  a 
jar  of  stone,  earthen,  or  brown  ware,  the  last-named  glazed  on  its 

inside.  Tinned  vessels,  when  their  surfaces 
are  worn  by  the  acid,  admit  the  fermenta- 
tive products  to  their  spongy  iron  or  steel, 
with  bad  effects  on  the  flavour  of  cream 
kept  in  them.  The  form  shown  in  Fig.  179 
is  the  cheapest  and  most  useful,  holding 
five  or  six  gallons,  and  having  a cover  of 
two  inches  larger  diameter,  with  two  strips 
of  wood  or  metal  to  support  it,  so  that 
plenty  of  air  can  reach  the  cream,  while 
dust  and  light  are  largely  kept  out. 


Fig.  179. — Cream  Pan. 
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Cream  ripeness  and  ripening— The  standard  of  cream  ripeness  by 
the  litmus  test  is  M (Colour-plate).  This  is  obtainable  in  fresh 
separated  cream  in  forty-eight  hours  at  an  air  temperature  of  6o°  F., 
in  a little  less  time  with  cream  from  cabinets  ; in  much  less  with 
“open-air”  cream  not  cooled  in  rising. 

There  are  three  methods  of  ripening,  as  with  cheese-making  : — 
(a.)  Exposure  to  ferment  action  under  atmospheric  conditions  when 
the  temperature  is  60°  F.  and  upwards.  The  electrical  condition  of 
the  air  and  its  humidity  also  affect  the  rate  of  progress.  The  air 
should  be  pure,  the  room  well  ventilated,  but  no  draughts  allowed  to 
reach  the  cream,  (b.)  Heating  to  suitable  temperatures  to  encourage 
fermentation.  At  55°  F.  heating  the  cream  to  70°  F.,  and  letting 
it  cool  gradually  to  the  air  temperature,  will  give  ripeness  at  the  same 
time  as  with  the  air  at  6o°  F.  As  the  air  temperature  falls,  that 
fixed  for  the  cream  must  be  raised  in  higher  proportion,  because 
the  air  at — say  45°  F. — will  more  rapidly  reduce  a high  cream  tem- 
perature, and  it  is  undesirable  that  the  cream  should  fall  lower  than 
55°  F.  at  any  time.  The  many  variations  in  daily  experience  can  be 
met  by  a simple  calculation,  based  on  the  time  at  which  the  cream  is 
required  to  be  churned.  More  than  two  days  in  ripening  is  not  desir- 
able, the  best  results  in  flavour  being  got  within  that  time  ; for  when 
the  air  is  so  cold  as  to  make  a longer  keeping  necessary,  there  is  a risk 
of  bitterness,  which  increases  with  the  cold.  In  heating,  the  cream 
should  be  set  in  the  boiler  (1,  Fig.  161),  or  the  hot-water  tank  (16,  Fig. 
163),  and  stirred,  (e.)  By  the  use  of  ripening  materials,  as  whey  is 
used  in  cheese-making.  Ripe  cream,  whole  milk,  separated  milk,  and 
buttermilk,  are  all  admissible,  the  two  last  serving  as  well  as  any,  and 
costing  less  in  case  of  accidental  spoiling.  This  is  much  practised 
in  Sweden  and  Norway.  Its  advantages  are  that  it  gives  the  friendly 
ferments  a good  start,  and  shortens  the  time  ; but  there  is  a danger 
of  error,  and  the  inoculation  of  ill  flavours  in  the  absence  of  constant 
care. 

The  following  table,  based  on  the  Colour-plate,  will  afford  a basis 
for  calculation  : — 


Condition  of  Ripener. 


Condition  of  Cream  as  received. 


A. 

B. 

C. 

D. 

N. 

Quantity  of  Ripener. 

* 

4 oz. 

2.4  oz. 

1.4  OZ. 

.8  oz. 

0. 

- 

- 

3-4  „ 

2 „ 

1.2  „ 

.6  ,, 

P. 

- 

2.8  „ 

1.6  „ 

.8  „ 

•4 

I hese  quantities  (liquid  ozs.)  applied  produce  the  desired  result  in 
from  six  to  twelve  hours,  according  to  the  original  condition  of  the 
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cream,  and  in  shorter  time  by  relatively  larger  quantities.  The 
vessel  in  which  the  starter  is  prepared  should  be  cleaned  and  scalded 
after  every  using  of  its  contents. 

Mixing  Creams. — So  far  the  directions  have  supposed  that  each 
cream  is  kept  separate.  But  commonly  those  of  several  days,  or  even  a 
whole  week,  are  mixed  together  just  before  churning,  it  being  con- 
sidered unnecessary  to  churn  oftener.  The  results  are,  (a)  a want  of 
uniformity  in  the  butter,  and  ( b ) loss  of  fat  in  the  buttermilk.  The 
former  arises  out  of  the  inevitable  variations  from  the  standard 
ripeness  according  to  passing  conditions.  It  is  much  complained  of, 
and  will  never  be  cured  while  cream  is  churned  according  to  con- 
venience, and  without  reference  to  its  actual  condition.  In  the 
meantime,  it  is  the  uniformity  of  all  those  foreign  butters,  which  are 
made  on  sound  lines  in  this  respect,  that  gives  them  the  strong 
position  they  hold  in  our  markets. 

(b.)  The  loss  arises  because,  while  some  of  the  creams  mixed  for 
churning  are  ripe  or  over-ripe,  others  are  unripe.  When  the  churning 
has  early  broken  those  globules  which  have  been  acted  on  by  the 
ferments,  a considerable  proportion  remain  unbroken,  and  their  fats 
cannot  be  gained  by  any  continuance  of  the  action  until  the  butter 
made  has  been  removed.  The  result  is  as  much  waste  as  with  sweet 
cream,  for  much  butter  which  might  have  been  recovered  under 
ordinary  conditions  is  lost  because  its  globules  were  not  so  responsive 
as  those  of  the  riper  creams,  and  the  youngest  cream  loses  a larger 
share  of  its  fat  in  the  buttermilk  than  as  if  it  had  been  churned  by 
itself.  The  loss,  as  proved  by  experiment,  amounts  to  about  15 
per  cent,  as  compared  with  the  results  of  ripening. 

The  prevalent  notion  that  the  mixing  brings  the  whole  to  a com- 
mon level  is  erroneous.  The  acidity  is  levelled,  doubtless,  because 
the  acid  is  dissolved  in  the  water  ; but  the  effects  on  the  envelopes 
cannot  follow  suit  until  the  ferments  have  had  time  enough  to  work 
upon  them.  This  will  be  sooner  done  than  in  sweet  cream,  but  is  not 
possible  in  the  course  of  churning.  In  mixed  creams,  therefore,  the 
standard  by  litmus  is  not  applicable.  The  best  results  are  obtained 
by  churning  each  lot  of  cream  separately  when  just  ripe;  but  if 
mixing  must  be  done,  the  creams  should  be  managed  so  as  to 
bring  them  all  to  ripeness  at  a given  time.  By  keeping  one  day’s 
lot  so  as  to  be  ready  at  two  days’  age,  the  next  to  be  ripe  in 
one  day,  and  a third  in  a few  hours,  they  may  be  mixed  when 
the  last  lot  is  ready,  and  the  yield  will  be  satisfactory.  This 
is  even  better  than  mixing  them  at  different  degrees  of  progress 
some  hours  before  churning  as  is  so  commonly  advised.  Salting, 
and  the  use  of  good  preservatives,  may  be  brought  in  to  help  in 
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keeping  cream  when  atmospheric  or  accidental  conditions  are 
adverse. 

Another  practice  is  to  mix  all  the  creams  of  each  day  in  the 
common  vessel  ; and  this,  though  better  in  respect  to  the  yield, 
produces  greater  irregularity  in  the  fermentation, — generally  by  excess, 
and  often  with  ill  flavours  brought  by  one  cream  to  the  rest,  and 
which  would  have  done  much  less  harm  if  not  mixed  until  churning 
time. 

The  influence  of  fermentation  does  not  reach  the  fats  to  an 
injurious  extent  up  to  ripeness,  but  beyond  it  the  effects  become 
rapidly  manifest  in  the  higher  flavour. 

In  the  case  of  Devonshire  cream — which  in  that  county  is  not  only 
sold  as  cream  but  also  made  into  butter — the  scalding  makes  the  time 
longer,  but  the  same  rules  hold  good  as  to  the  necessity  of  ripening, 
and  its  standard.  This  system  affords  a strong  proof  for  the  envelope 
theory ; for  the  scalding  temperature  does  not  make  any  difference  to 
the  necessity  for  churning  this  cream,  nor  is  it  churned  in  less  time 
than  might  be  expected  in  view  of  its  condition  in  other  respects. 

While  awaiting  churning,  the  globules  rise  closer  together ; and 
the  drying  and  oxidation  tend  to  form  a skin,  as  on  exposed  milk ; 
while  towards  the  bottom  of  the  pan  the  cream  is  thinner,  ending  in  a 
quantity  of  the  plasma  varying  according  to  the  original  thickness  of 
the  cream,  or  the  proportion  of  plasma  taken  in  removing  it.  This 
leads  to  an  uneven  condition,  physical  and  fermentative  ; an  uneven 
churning,  and  consequent  waste.  The  cream  should  be  stirred  in 
early  morning,  at  noon,  and  late  in  the  evening  of  every  day,  for  a 
minute  or  two,  with  a Scotch  hand  (Fig.  195),  which  should  not  be  left 
in  it,  but  cleaned  with  a piece  of  horn  and  washed,  otherwise  it  will 
speedily  become  a cream-spoiler.  The  effects  of  stirring  are,  (a)  to 
mingle  air  with  the  cream,  the  O of  which  is  helpful  to  the  ripening 
action,  oxidation  being  at  the  same  time  evenly  distributed  ; and  ( b ) the 
keeping  of  the  globules  in  a free  state,  so  that  churning  may  act  fully 
and  equally  on  them  all.  The  neglect  of  this  treatment  in  cases 
where  the  milk  condition  is  not  at  fault,  shares  with  the  irregular 
ripening  in  producing  that  frequent  inferiority  of  separated-cream 
butters  already  noticed. 

Churning. — I he  temperature  for  churning  depends  on  several  con- 
siderations. (a.)  The  air  temperature,  which  affects  that  of  the  cream 
within  the  churn,  the  time  required  to  obtain  the  butter,  and— by  way 
of  the  latter — touches  other  results  later  discussed.  (A)  The  relations 
of  the  solid  and  liquid  fats.  When  the  former  preponderate,  a higher 
temperature  is  necessary  to  secure  the  desired  expansion  of  the 
globules,  and  the  condition  of  the  fats  suitable  for  gathering  them  ; 
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and  the  melting  point,  being  raised  correspondingly,  the  help  may  be 
given  without  risk.  As  variations  depend  on  the  feeding,  this,  and  not 
the  season,  should  guide  the  judgment.  The  feeding  of  cotton-seed 
meal  has  been  proved  to  increase  the  solid  fats  considerably,  and 
other  dry  foods  do  so  in  lesser  proportions. 


Air  Temperature. 

Solid  Fats. 
Highest. 

Liquid  Fats. 
Highest. 

66°  F. 

57°  F. 

54°  F. 

64°  F. 

58°  F. 

55°  F. 

62°  F. 

59°  F.  ' 

56°  F. 

6o°  F. 

6o°  F. 

57°  F. 

58°  F. 

61°  F: 

58°  F. 

55°  F. 

62°  F. 

59°  F. 

50°  F. 

63°  F. 

6o°  F. 

The  figures  are  rather  higher  than  are  commonly  given,  but  are 
justified  by  experience.  In  butter-making  competitions,  for  instance, 
where  the  cream  is  carefully  mixed,  supplied  in  equal  quantities,  and 
usually  churned  in  similar  churns,  we  have  found  the  best  results  in 
all  respects  follow  their  adoption. 

When  heating  is  necessary  it  should  be  done  as  with  milk. 
Cooling  is  more  troublesome,  for  it  is  most  needed  when  the  water- 
supply  is  too  warm  to  effect  it.  When  this  is  insufficient,  and  here 
the  prospects  of  the  evening  will  guide,  the  cream  may  be  closely 
covered  and  lowered  into  a well  to  water-level,  or  placed  in  a cool 
cellar;  and,  by  early  rising,  a higher  temperature  may  be  used,  in 
keeping  with  the  lower  one  of  the  morning. 

To  merely  secure  the  proper  temperature  is  not  enough.  The 
cream  must  be  exposed  to  the  heat  or  cold  long  enough  for  its  globules 
to  be  brought  to  the  expansion  or  contraction  required.  Cream 
which  has  beeir  kept  cold  will  not  reach  its  proper  physical  con- 
dition for  churning  at  the  temperature  proper  for  that  process,  for 
when  that  is  reached  the  density  of  the  globules  is  behind  that  of 
the  plasma,  and  however  beneficial  that  difference  may  be  in  cream- 
ing, it  is  altogether  undesirable  in  churning,  when  the  densities  should 
be  in  equal  natural  relations.  Whether  heating  or  cooling  is  desired, 
the  density  of  the  globules  must  be  brought  to  the  utmost  which 
the  churning  temperature  can  effect  in  that  direction,  and  this  can 
be  secured  by  a maintenance  of  the  churning  temperature  for  twenty 
to  thirty  minutes. 

The  cream  churns  most  perfectly  when  its  thickness  is  such  that 
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a gallon  will  yield  3 lbs.  of  butter.  When  thicker,  the  concussion  > 
has  too  much  resistance  offered  to  it ; and  when  thinner,  the  globules 
are  too  far  apart  to  affect  each  other  properly.  In  the  former  case 
it  should  be  thinned  by  water ; in  the  latter,  allowed  to  rest  long 
enough  for  the  excess  of  plasma  to  sink  to  the  bottom,  and  held 
back  when  emptying  the  pan.  Water  used  for  thinning  should  be 
added  before  the  temperature  is  fixed,  and  when  cooling  is  needed  / I 
it  will  help  it.  - 

Colouring  Butter.— If  colour  is  used,  it  should  be  added  immedi- 
ately before  the  cream  enters  the  churn.  The  practice  is  objec- 
tionable, and  in  any  case  should  not  exceed  the  natural  summer 


Fig.  180.— Holstein  Churn. 


Fig.  181.— Box  Churn. 


References  common  to  all  the  churns  illustrated  :~a,  Stand  ; /<,  Body  ; c,  Axle  ; 
c,  Handle  or  Crank ; f,  Dash  or  Diaphragm  ; g,  Cover ; h,  Ventilator 
j,  Buttermilk  Plug. 


ti,  Bearings  ; 
i,  Window ; 


tint  of  butter.  Annatto  is  preferable  to  other  colours,  especially 
if  pieparcd  in  spirit,  which  preserves  it  from  fermentative  changes 
Preparations  in  oil  are  in  the  market,  and  are  rightly  claimed 
to  be  economical  because  they  only  associate  with  the  fats  so 
requiring  less  than  would  be  necessary  of  materials  colouring’  the 
buttermilk.  But  there  is  a danger  of  rancidity,  and  in  all  cases 
the  body  and  texture  of  the  butter  are  interfered  with,  according  to 
the  quantity  used.  We  have  seen  butters  of  good  natural  texture 
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made  to  appear  salvy-  by  the  presence  of  such  colours.  The  other 
kinds  are  therefore  preferable. 

Churns  may  be  divided  into  the  following  classes,  viz. : — 

(a.)  Fixed  body  with  movable  dash.  — The  “Holstein”  churn, 
Fig.  180,  makes  its  dash  to  revolve  with  the  spindle,  fixed  dashes 


Fig.  182. — Barrel  Churn. 

co-operating  with  it.  The  “box”  churn,  Fig.  181,  is  the  smallest 
example  of  a sub-class  which  includes  also  the  “Hibernia”  churn  of 
Bradford  & Co.  in  this  country,  and  the  “Blanchard”  and  “Spain” 
churns  made  in  America,  but  also  sold  among  us. 

(b.)  Movable  body  with  fixed  dash. — In  this  class  are  found  the 


Fig.  183.— Diaphragm  Churn. 


barrel  churns  of  Hathaway,  Waide,  Llewellyn,  Tinkler,  and  many 
others.  An  example  is  given  in  Fig.  182,  but  the  dash  varies  according 
to  the  maker.  In  the  “Diaphragm”  churn,  Fig.  183,  a removable 
frame  of  bars  is  so  set  as  to  produce  “converging”  currents  in  the 
cream,  which  are  claimed  to  facilitate  churning. 
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Fig.  185. — Triangular  Churn. 


Fig.  18'. — Swing  Churn. 
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(V.)  Movable  body  without  dash. — This  class  contains  the  popular 
“End-over-End”  churn,  Fig.  184;  Hathaway’s  “ Shakspearian,” 

Waide’s  “Victoria,”  and  their  kindred,  so 
much  used  in  the  dairy  schools.  The  tri- 
angular churn  of  Llewellyn  is  found  in  Fig. 
185. 

Various  forms  of  swinging  churns  have 
been  brought  out  in  America,  of  which  the 
“Davis,”  Fig.  186,  is  a fair  representative. 

The  most  recent  invention  is  the  “Disc” 
churn,  Fig.  187,  which  gathers  the  cream 
upon  a disc  of  wood,  driven  at  considerable 
speed,  and  throws  it  against  the  end  of  the 
In  its  action  it  differs  materially  from  all  others 


Fig.  187.— “Disc”  Churn. 


case  with  great  force, 
given,  though  it  belongs  to  the  first  class. 

Points  of  Construction. — The  special  features  of  these  classes  shall 
next  be  described,  while  summarising  the  points  of  importance  in  a 
churn,  which  are  as  follows,  viz.  : — 

(a.)  High  Concussion  in  Rclatioti  to  Speed  and  Power  Required. — 
The  time  needed  to  produce  butter,  and  the  extent  of  the  separation  of 
the  fats,  will  mainly  depend  on  the  concussion,  and  in  this  respect 
churns  greatly  differ.  Those  having  no  dashes  give  the  least ; next 
above  them  stand  those  having  fixed  dashes ; then  the  movable 
dashes;  somewhat  beyond  these  the  swing  churns;  and  the  “Disc” 
churn  claims  to  stand  at  the  head.  In  all  these  there  is  some  friction 
of  the  cream,  but  the  makers  aim  to  keep  this  within  narrow  limits. 
“ Concussion,  not  friction,”  is  a standing  maxim  with  them,  and  rightly 
so  with  low-speed  machines,  in  which  the  most  possible  of  the  former 
must  be  secured  in  order  to  effectiveness.  Every  churn  has  a speed  at 
which  it  gives  its  greatest  concussion,  and  no  variation  from  this  can 
give  equal  results.  The  churns  in  which  the  dashes  are  numerous  or 
movable  work  best  at  forty-five  to  fifty  revolutions  per  minute,  and  this 
rises  through  the  lower  degrees  of  the  force  to  sixty  revolutions  in  the 
dashless  revolving  churns.  The  “swing”  churns  do  not  move  so 
quickly  as  their  fellows  of  the  same  class,  and  yet  give  quicker  results. 
Our  common  experience  has  been  thirty  to  thirty-five  minutes  with  the 
“dashless”  and  “fixed  dash”  classes;  twenty  to  thirty  minutes  with  the 
movable  dashes;  and  fifteen  to  twenty  minutes,  generally  the  lower 
figure,  with  “swing”  churns,  the  butter  being  equal  in  quality  under 
a management  equal  in  other  respects,  and  varying  but  slightly  in 
quantity.  The  speed  and  length  of  churning  are  in  proportion,  there- 
fore, and  make  a considerable  difference  in  the  aggregate  of  a season’s 
labour  in  their  use.  The  “swing”  churns  prove  the  action  of  the 
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globules  on  each  other  in  churning,  for  these  machines  make  the 
cream  to  dash  into  itself,  as  shown  in  I ig.  1 86. 

(b.)  Aeration  of  the  Cream. — In  a closed  churn  the  cream  swells 
because  the  motion  raises  its  temperature,  and  the  air  is  therefore 
compressed  and  in  turn  compresses  the  cream.  Gases  of  fermentation 
also,  and — in  new  cream,  not  thoroughly  aired — the  original  gases  of 
milk,  arc  given  off,  and  these  add  to  the  compression  under  the  rising 
temperature.  The  limits  of  heat  increase  are  narrow,  but  it  produces 
sufficient  compression  to  hinder  the  free  motion  of  the  cream,  and 
correspondingly  reduce  concussion.  All  churns  must  be  provided  with 
the  means  of  letting  off  such  excess  of  air  and  gases.  Those  of  the 
movable  body  and  closed  dashless  types  must  needs  have  their  means 
of  airing  made  water-tight,  or  leakage  would  ensue.  They  are  therefore 
cither  plugs,  to  remove  by  hand,  or  spring  valves  which  close  instantly 
when  the  hand  is  withdrawn.  Those  having  movable  dashes  can  have 
constant  aeration  by  small  open  tubes  rising  from  their  highest  points, 
the  swing  churns  can  employ  still  larger  openings  and  scarcely  need 
covers,  while  the  “ Disc”  churn  enjoys  the  same  advantage  in  an  equal 
degree  but  different  form. 

Beyond  the  necessity  for  relieving  the  cream  from  compression, 
there  are  distinct  advantages  in  aeration,  touching  the  quality  of  the 
product.  The  action  of  the  air  is  as  with  curd  in  cheese  making, 
purifying  it  from  the  free  odorous  products  of  fermentation,  and 
the  greater  the  passage  of  air  the  more  perfect  is  this.  Oxidation 
necessarily  accompanies,  but  within  harmless  limits,  helping  also  to 
reduce  the  envelopes  to  the  breaking  condition. 

(c.)  The  most  coniplete  Churning  possible. — The  differences  in  yield 
from  equal  creams  by  different  churns  of  the  ordinary  types  at  their 
best  are  never  great,  and  the  claims  sometimes  made  in  this  respect 
are  based  on  trials  made  under  unequal  conditions  ; for  example,  of 
two  equal  churns,  one  may  be  handled  by  an  expert,  the  other  by  one 
who  is  not  a dairyer,  or  scarcely  familiar  with  his  machine.  All  sorts 
of  circumstances  enter  into  the  matter,  interfering  with  results.  But 
that  churns  are  unequal  within  a narrow  range  is  certain,  especially  as 
to  the  extent  and  effect  of  aeration.  The  dairyer  should  therefore 
estimate  the  two  points,  already  discussed,  to  secure  this  one. 

(ff.)  The  Maintenance  of  Temperature. — If  the  dairy  is  properly 
provided  for  in  this  respect,  the  churn  need  have  no  provision  for  it  ; 
but  in  cases  where  churning  has  to  be  done  in  cold  places  in  winter,  it 
should  possess  a chamber  for  hot  water,  as  in  Fig.  184. 

(e.)  The  Tendency  to  Gather  the  Butter  should  not  be  too  great. — 
Some  churns  do  this  much  more  quickly  than  others,  those  which  have 
internal  dashes  being  more  liable  than  those  which  have  none,  though 


3 1 8 


MILK,  CHEESE,  AND  BUTTER. 


in  this  respect  the  “Disc”  form  is  an  exception.  Strictly  speaking 
this  latter  is  not  a dash,  the  concussion  not  being  given  by  the  disc 
but  by  the  churn  ends,  as  in  the  Swing  churns,  which  share  its 
freedom  from  this  risk. 

(/)  Easy  Filling , Emptying,  Examining ; and  Cleansing.— These 
are  but  conveniences,  but  they  deserve  consideration,  as  touching 
economy  of  time  and  labour,  and  reducing  the  risks  of  neglect.  The 
closed  churns  have  comparatively  small  mouths,  and  are  defective  in 
these  respects. 

(g.)  The  material  should  be  wood , as  sound  and  free  from  odour  as 
possible.  Metal  is  objectionable,  because  butter  will  stick  to  it,  which 
it  will  not  do  to  damp  wood.  Oak,  commonly  employed,  needs  special 
preparation  before  using.  The  best  plan  is  to  soak  in  cold  water  for 
a few  hours,  then  in  warm  ; either  filling  the  churn,  if  one  of  the  con- 
stantly ventilated  kinds,  or  fixing  the  other  kinds  so  as  to  expose  all 
parts  to  the  water  for  a time,  and  this  will  become  darkly  stained. 
This  should  be  followed  with  boiling  water,  repeated  until  it  comes  off 
clear.  Creamed  milk  or  buttermilk  should  afterwards  be  used.  This 
will  absorb  the  odour,  but  will  have  need  to  be  followed  by  further 
washing  with  water,  boiling  and  cold,  to  remove  the  products  of 
fermentation.  The  white,  or  colonial  wood,  though  less  troublesome 
in  this  way,  will  require  similar  treatment  in  its  lower  degree. 

The  working  capacity  of  a churn  is  generally  limited  to  one-third 
of  its  actual  measure,  though  each  has  its  own  limit,  to  exceed  which 
is  to  reduce  the  chance  of  concussion  until  a point  is  reached  at  which 
it  is  practically  impossible  to  get  butter.  In  any  case  the  results  are 
delay  and  imperfect  churning,  proportionate  to  the  excess. 

No  churn  ought  ever  to  be  scrubbed  on  its  inside,  and  if  properly 
managed  it  need  not  be.  After  use  all  particles  should  be  swilled  out 
with  cold  water,  and  then — and  not  until  then — clean  boiling  water  used 
to  get  rid  of  the  effects  of  contact  with  the  fermented  cream.  In  a 
closed  churn,  after  a few  minutes’  turning,  the  buttermilk  plug  may  be 
removed,  and  the  water  driven  out  under  pressure. 

Instantaneous  Churning. — For  some  years  attempts  have  been 
made  to  graft  on  to  the  separator  some  device  by  which  the 
fresh  cream  should  be  churned  into  butter,  and  delivered  in  a 
fine  granular  state  direct  from  the  machine  instead  of  cream. 
The  “Butter  Extractor”  was  the  first  to  claim  notice.  It  consists 
of  a separator,  within  the  drum  of  which  a circular  wheel-frame  of 
bars  is  placed,  which  can  be  carried  by  a lever  into  a position  where 
its  bars  can  strike  into  the  rapidly  moving  cream,  and  made  to 
revolve  by  its  action  upon  them.  The  globules  are  thus  broken, 
and  pass  off  in  place  of  the  cream,  with  some  buttermilk.  The 
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next  step  was  taken  by  Dr  de  Laval,  who  attached  to  the  frame 
of  his  separator  a churn  driven  from  the  spindle,  and  receiving  the 
cream  as  it  issued  from  the  outlet  and  passed  over  a cooler.  For  this 
it  was  properly  claimed  that  the  reduction  of  temperature  before 
churning  was  an  advance  on  the  other  machine,  which  either  churned 
it  at  the  separating  temperature,  or  separated  at  one  much  too  low. 
The  machine,  however,  was  withdrawn  for  perfecting,  as  it  is  reported, 
and  is  not  nowr  in  the  market.  The  most  recent  invention  is  the 
American  11  Accumulator,”  which  is  attached  to  the  Laval  sepaiatoi, 


but  is  of  separate  manufacture.  As  shown  in  Fig.  188  it  consists  of  a 
collar,  which  is  secured  to  the  neck  of  the  drum.  The  cream  escaping 
from  the  drum  flies  into  the  angle  a , and  when  this  is  filled  rises 
through  the  aperture  b to  the  terraces  c c,  filling  the  angle  of  each  in 
turn,  and  then  flying  over  its  upper  edge  into  the  angle  of  the  next. 
From  the  top  terrace  it  passes  through  the  tube  d into  the  circular 
chamber,  where  the  butter  separates  in  fine  granules  from  the  butter- 
milk, and  reaching  the  inner  opening  of  the  tube  /,  is  discharged 
into  the  collecting  dish  h,  while  the  buttermilk  passes  through  the 
tube  g into  the  same.  This  device  appears  to  have  “conic  to  stay,” 
as  the  Americans  would  say.  There  is  doubtless  room  for  improve- 
ment, but  the  principle  will  be  developed,  and  make  the  production  of 
first-class  and  long-keeping  sweet-cream  butter  not  only  practicable 
but  economical.  There  is  every  reason  to  believe  that  in  the  per- 
fected machines  the  separation  of  casein  will  be  more  complete  than 
is  possible  with  the  old  appliances,  and  on  account  of  the  dryness 
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of  the  butter  produced,  the  after-manipulation  will  be  greatly  reduced 
with  benefit.  The  special  need  now  is  a device  for  cleansing  the 
butter  from  buttermilk  as  soon  as  it  leaves  the  “ Accumulator,”  and 
this  must  follow  soon. 

It  seems  to  have  been  taken  for  granted  that  these  results  are  due 
to  a mere  gathering  of  free  fat,  and  that  there  is  no  churning  ; but  we 
cannot  conceive  of  higher  concussion  than  is  given  in  either  case.  In 
the  “Extractor”  and  the  “Instantaneous”  machines  the  churning  is 
evident.  In  the  “Accumulator,”  the  globules  are  subjected  to  power- 
ful concussion  at  a , and  in  passing  the  edge  of  the  terraces  c , and 
this  being  administered  to  them  when  separated  in  the  thinnest  con- 
ceivable layers,  they  must  needs  be  acted  upon  as  powerfully  as  in  the 
fifteen  to  forty  minutes  of  churning  under  ordinary  conditions.  The 
effects  of  the  “Accumulator”  are  no  greater  than  might  be  reasonably 
expected  on  enveloped  globules  with  a speed  of  6,000  to  7,000  revolu- 
tions per  minute,  and  the  followers  of  the  “free  fat”  theory  cannot 
draw  any  proof  in  its  favour  from  them. 

It  will  always  be  necessary  to  have  in  one  machine  the  alternative 
choice  of  cream  or  butter.  The  churn  will  in  time  give  place  largely 
to  this  direct  production,  though  it  will  probably  be  long  enough  in 
doing  so. 

Preparing  the  Churn. — In  preparing  the  churn  for  use,  it  should 
first  be  swilled  with  cold  water  ; then  treated  well  with  boiling  water  ; 
and  at  once,  and  lastly,  cooled  with  cold  to  the  cream  temperature. 
The  hot  water  causes  the  wood  to  swell,  saturates  it  to  a little  depth, 
and  allows  the  cold  water  to  do  so  afterwards  to  an  extent  which  would 
only  be  possible  in  such  a case.  The  cooling  leaves  the  pores,  though 
contracted,  full  of  water  to  the  depth  of  penetration,  and  this  resists 
the  entrance  of  butter.  Salt  added  to  the  cooling  water  increases  its 
density,  and  correspondingly  its  resistance  to  the  entrance  of  butter 
into  the  pores  ; and  this  explains  why  when  butter  has  stuck  to  wood, 
if  it  is  removed  by  melting  with  hot  water,  and  the  object  afterwards 
washed  in  cold  water  and  rubbed  with  salt,  sticking  will  cease.  The 
salt  also  adds  to  the  penetrative  power  of  the  water.  If  a churn  is 
properly  managed  from  the  beginning,  nothing  but  water,  hot  and  cold, 
need  ever  be  employed  within  it.  No  such  substance  as  soda  should 
be  used  in  a churn  ; for  it  is  not  easily  removed  from  the  wood,  and, 
being  alkaline,  will  give  it  in  time  the  power  to  interfere  with  the 
churning  by  partially  saponifying  the  fats  at  first  breaking,  or  even  the 
earlier  saturation  of  the  envelopes.  1”  rom  this  sometimes  arises  the 
failure  of  churning. 

Management  in  Churning—  The  cream  should  either  be  strained 
into  some  vessel  with  a lip,  and  from  this  poured  into  the  churn  ; 01 
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emptied  direct  into  the  latter,  a strainer  cloth  being  used  to  finally 
reduce  it  to  a uniform  condition,  and  to  remove  anything  solid  which 
may  have  accidentally  fallen  into  it.  The  churn  being  secured  against 
leaking  or  splashing,  churning  should  be  proceeded  with  at  the  speed 
suitable  to  the  churn,  the  revolutions  being  counted  for  half  a minute 
to  ensure  correctness.  With  this  practice  will  come  the  mental  habit 
of  repeating  the  speed.  It  is  generally  advised  that  churning  should 
start  at  a much  lower  speed  ; but  experience  with  power  churns, 
run  at  one  rate  throughout,  has  taught  us  that  any  such  variation  is 
unnecessary,  there  being  no  discoverable  difference  in  the  result.  If, 
because  of  error  in  the  initial  and  churning  conditions,  the  churning 
is  too  quickly  or  too  slowly  completed,  the  tendency  will  be  to 
softness  ; in  the  former  case,  because  of  the  heat  or  speed  ; and  in 
the  latter,  because  the  increase  of  friction  which  follows  the  decrease 
of  concussion  also  raises  the  temperature. 

With  closed  churns  there  should  be  at  first  frequent  stoppings  for 
ventilation ; but  when  air  ceases  to  escape  on  opening  the  valves,  the 
work  may  proceed  with  very  occasional  attention  to  this  until  the  change 
of  sound  which  comes  with  the  separation  of  the  butter  from  the  butter- 
milk, when  the  process  will  soon  have  to  cease,  and  the  state  of  affairs 
must  be  watched  by  means  of  the  glass  plate,  or  other  appliance  for 
that  purpose,  which  every  churn  should  possess.  From  the  glass  the 
cream  will  disappear,  and  very  fine  particles  of  butter  will  be  seen  with 
the  free  buttermilk.  At  this  time  the  churn  should  be  stopped,  and 
cold  water  added  to  its  contents  in  the  proportion  of  one-fourth  of  the 
measure  of  the  original  cream.  This  cools  and  hardens  the  granules, 
gives'  a larger  and  thinner  body  of  liquid  in  which  they  can  float 
further  apart,  and  therefore  are  prevented  from  gathering  too  rapidly. 
If  more  water  is  used,  the  gathering  is  unduly  interfered  with  ; Ru- 
in a proper  degree  such  gathering  is  necessary,  in  order  that  the 
butter  may  be  removed  without  waste;  but  it  should  be  slow,  and 
the  proportion  mentioned  is  found  to  give  the  best  results.  The 
water  also  helps  to  free  the  grains  from  adhering  fragments  of 
casein,  and  makes  less  after  - washing  necessary.  Any  granules 
on  the  cover  or  sides  of  the  churn  should  be  swilled  off  with 
this  water.  After  a few  rockings  of  the  churn  the  buttermilk  should 
be  drawn  off,  a hair  strainer  covered  with  a double  piece  of  butter- 
muslin  being  held  close  to  the  outlet  to  intercept  all  granules, 
while  the  buttermilk  passes  into  a pail  or  conductor  for  discharge. 
Fiesh  water,  in  the  measure  of  the  buttermilk  and  water  just  removed, 
should  now  be  poured  into  the  churn  ; this  rocked  again  a few  times, 
and  the  water  whitened  with  remaining  buttermilk — drawn  off ; this 
being  repeated  until  the  water  comes  off  clear.  The  amount  of  wash- 
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ing  will  depend  on  (a)  the  original  size  of  the  globules,  and  (b)  the  con- 
dition of  the  cream,  (a.)  The  larger  the  globules  are,  the  more  quickly 
is  the  washing  effectual,  (b.)  If  the  cream  has  been  well  stirred  in 
ripening,  and  brought  to  a proper  ripeness  and  consistency,  the  removal 
of  casein  will  be  earlier  and  more  complete  than  when  these  have  been 
neglected.  Both  under-ripe  and  over-ripe  cream  require  more  washing 
than  that  which  is  just  right.  No  invariable  rule  can  be  given,  there- 
fore, as  to  the  number  of  washings  (though  this  is  sometimes  attempted), 
but  that  of  final  clearness  of  the  water  used,  and  no  less  will  serve. 
From  two  to  four  are  generally  sufficient. 

Some  makers  object  to  all  washing,  on  the  ground  that  the  butter 
flavour  is  reduced  by  it.  This  is  true,  for  the  butyrin  is  soluble  in 
water,  and  being  in  much  higher  proportion  than  the  other  solid  fats, 
its  loss  in  this  way  must  needs  have  that  effect.  To  avoid  it,  they 
make  up  the  butter  “ dry,”  as  they  say,  with  the  inevitable  penalty  of 
falling  into  two  other  occasions  of  trouble,  of  which  more  hereafter. 
Of  the  two  courses,  carefully  considered  in  the  light  of  experience,  the 
washing  is  decidedly  preferable ; but  in  view  of  the  loss  admitted  the 
treatment  must  be  confined  within  necessary  limits,  and  the  size  of  the 
granules  must  be  fixed  at  a proper  standard,  not  being  washed  at  any 
stage  lower  than  the  “pin’s  head”  size  commonly  recommended. 
During  the  washing  the  butter  granules  will  increase  in  size,  and  the 
loss  in  flavour  will  be  trifling  compared  with  the  advantage  of  the 
reduction  of  casein. 

The  old  practice,  which  has  almost  disappeared  as  the  result  of  ten 
years’  teaching,  is  to  gather  the  butter  in  lumps  of  all  sizes,  from  an 
inch  to  three  or  four  inches.  This  was  convenient  for  the  old  style 
of  handling,  but  made  the  retention  of  too  much  casein  unavoidable. 
No  after-treatment  could  extract  this  properly,  or  even  reduce  it, 
without  doing  equal  mischief  by  spoiling  the  keeping  properties  by  too 
much  washing  and  manipulation.  The  earliest  removal  is  the  most 
effectual;  even  a little  advance  on  the  limits  prescribed  carries  the 
product  away  from  the  best  possibilities. 

The  importance  of  pure  water  in  this  and  every  contact  with  the 
butter  must  be  evident.  Not  merely  should  it  be  free  from  dirt  or 
discoloration  by  solid  or  dissolved  matter,  but  free  from  ammonia, 
acids,  and  other  products  of  decomposition  which  give  no  proof  of 
their  presence  to  the  unsuspecting.  These  substances,  however,  are 
often  found  in  water  from  old  wells  containing  decaying  vegetable 
matter,  and  enter  into  injurious  combination  with  the  fats,  especially  of 
the  volatile  class.  The  last  water  used  may  be  slightly  salted,  this 
assisting  in  the  carrying  off  of  the  casein. 

The  temperature  of  the  water  should  not  be  less  than  450  F.,  when 
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the  air  is  at  60°  F.,  or  50°  F.  when  the  air  is  at  55°  F.,  with  other 
variations  consistent  with  these.  It  is  a mistake  to  harden  the  butter 
beyond  a certain  point  at  which  sufficient  firmness  to  withstand  the 
later  manipulation,  and  a proper  readiness  to  cohere,  can  both  be 
secured.  If  it  be  exceeded  in  the  direction  of  greater  hardness,  the 
consolidation  cannot  be  effected  without  undue  pressure. 

Since  much  of  the  mild  salting  of  butter  is  now-a-days  done  at 
this  point,  the  general  question  may  properly  receive  attention.  The 
preservative  influence  of  salt  is  desirable,  its  proportion  being  regulated 
by  the  composition  of  the  butter,  and  the  time  it  is  desired  to  keep  it, 
or  by  the  demands  of  the  market.  It  has,  however,  become  fashionable 
to  say  that  good  butter  needs  no  salt ; this  assertion  being  based  on 
the  fact  that  the  early  spoiling  of  butter  is  mainly  due  to  casein 
present,  and  the  supposition  that  good  management  does  away  with 
this  source  of  harm.  But  the  casein  is  never  entirely  extracted  from 
butter,  and  in  good  samples  is  sufficieut  to  justify  the  salt  check. 
Even  in  the  entire  absence  of  this  there  is  always  the  B.A.F.  to  reckon 
with,  and  it  is  useless  to  say  that  butter  is  not  the  better  for  such  a 
salting  as  will  preserve  its  fine  qualities  as  long  as  is  reasonable. 
When  we  say  that  the  composition  of  the  butter  should  rule  the  extent 
of  the  salting  in  part,  we  mean  that,  according  to  the  water  and 
casein,  the  proportions  should  be  fixed,  and  the  methods  employed 
will  be  a guide  to  these.  Water  by  itself  greatly  helps  to  decompo- 
sition,— the  drier  the  butter  is,  the  less  of  salt  will  it  need ; but  however 
much  may  be  present,  it  should  be  saturated  with  salt.  The  extent  of 
casein  extraction  may  be  estimated  by  the  state  of  the  cream,  the  size 
of  the  granules,  and  the  state  of  the  last  washing  water;  and  if  these 
are  as  advised,  the  salt  necessary  to  saturate  the  water  will  be  sufficient 
for  preservative  purposes.  If  error  has  made  it  certain  that  the  pro- 
portion of  casein  is  higher  than  usual,  the  butter  must  either  be  used 
early,  or  salted  more  heavily  in  another  way,  hereafter  described.  The 
markets  sometimes  demand  a lighter  salting  than  the  standard  given, 
or  even  a saltless  article.  In  such  cases  it  cannot  be  kept  so  long  as 
is  possible  with  proper  salting.  On  the  other  hand,  much  bad  work 
has  been  covered  by  heavy  salting  ; and  this  is  objectionable— for  the 
consumer  ought  not  to  pay  for  more  salt  than  is  necessary  to  the 
preservation  of  a well-made  butter. 

Salt  does  not  penetrate  the  ultimate  grains  of  butter.  It  has  been 
proved  that  a saturated  brine  will  not  pass  through  muslin  closely 
smeared  with  butter  in  a form  so  thin  as  to  be  almost  transparent. 
The  salt,  then,  is  dissolved  in  the  water,  and  when  in  excess  of  satura- 
tion, probably  held  by  cohesion  to  the  surfaces  of  the  granules  and 
compressed  between  them. 
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For  mild  salting,  “brining”  is  employed  with  advantage.  The 
butter  is  immersed  in  its  granular  state  in  a brine  strong  in  proportion 
to  the  needs  of  the  case.  Water  will  dissolve  3.2  lbs.  and  upwards 
to  every  gallon  (10  lbs.)  according  to  the  purity  of  the  salt  and  the  water, 
and  every  dairyer  may  test  for  himself.  A brine  of  2 lbs.  to  the  gallon 
suffices  for  the  mildest  article.  The  quantity  of  salt  retained  in  the 
butter  depends  on  (a)  the  size  of  the  granules  ; ( b ) the  time  of  their 
exposure  to  the  brine  ; and  ( c ) the  final  dryness  of  the  butter.  The 
smaller  the  granules  and  longer  their  exposure,  the  more  is  held,  the 
two  items  appearing  to  share  equally  in  securing  the  retention.  Fine 
granules  will  hold  a quarter  of  1 per  cent,  from  the  2 lbs.  brine 
in  thirty  minutes’  exposure,  in  the  same  time  a saturated  brine  will 
give  nearly  a half  of  1 per  cent.  The  facts  strongly  support  the 
cohesion  theory,  and  form  a sufficient  basis  for  calculating  ho\V  to 
produce  any  desired  effect. 

It  has  been  at  times  proposed  to  keep  granular  butter  in  brine  for 
long  preservation,  and,  when  required,  to  work  it  up  for  the  market. 
We  remember  that  twelve  years  ago  a friend  sent  us  some  casks  of 
fine  butter  from  America  in  saturated  brine.  It  arrived  in  excellent 
condition,  but  much  too  salt  for  the  local  markets.  It  was  removed 
into  a strainer  cloth  and  gently  immersed  in  cold  spring  water  a few 
times  to  wash  away  the  excess  of  salt.  This  disappeared,  and  with  it 
the  flavour,  leaving  it  a perfect  fat,  but  almost  tasteless.  It  was  no 
case  of  original  innocence,  but  of  reduction  of  the  flavour  due  to  the 
volatile  fats,  leaving  only  the  combination  flavour  of  the  stearin  and 
olein.  Except  for  short  periods,  therefore,  butter  should  not  be 
subjected  to  salt  in  such  a form  unless  it  can  be  permanently  kept  in  it. 

A portion  of  the  brine,  if  this  is  used,  or  of  the  last  washing 
water,  should  now  be  drawn  off,  until  the  butter  can  easily  be 

gathered  on  a scoop  (Fig.  189)  and  then 
removed.  The  last  particles  can  be  swilled 
down  with  water,  and  collected. 

When  the  butter  is  at  all  soft,  it  should  be 
put  in  a cool  cellar  until  it  is  firm  enough  to 
Fig.  189.— Butter  Scoop,  bear  the  rest  of  the  processes  without  injury. 

The  cellar  (Figs.  47,  62)  is  best  where  the 
water  tank  can  be  had;  failing  this,  such  a safe  as  is  shown  in 
Fig.  190  will  serve  with  a little  attention.  Here  is  a metal  box 
with  a door  a , made  to  fit  closely  by  draught  tubing,  and  having 
a trough  b at  the  sides  and  back,  while  a small  loose  tank  c rests 
on  the  top.  Within,  a removable  shelf  of  slate  d rests  on  two 
projections,  and  another  lies  on  the  bottom.  In  use  the  tiough 
b and  tank  c are  filled  with  water,  and  a coarse  flannel  cloth  t is 
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laid  over  the  sides  and  back,  its  upper  end  dipping  into  the  water 
in  c and  its  lower  end  into  that  in  b,  so  drawing  it  by  capillary 
attraction  as  to  keep  the  sides  slightly  wet.  Placed  in  a free  passage 
of  air,  the  evaporation  carries  off  the  water  as  fast  as  supplied, 
and  causes  proportionate  reduction  of  the  internal  temperature ; 
the  hotter  and  drier  the  air,  the  more  rapid  will  the  cooling  be, 
so  much  so  as  to  make  it  necessary,  in  special  cases,  to  sprinkle 
water  frequently  over  the  cloth  to  supplement  the  supplies  drawn  by 
the  attraction.  If  these  latter  are  not  enough  the  middle  part  of  the 
cloth  will  become  dry,  and  the  heat  will  undo  at  that  point  what  the 
cooling  is  doing  elsewhere.  One  hour  under  the  conditions  indicated 
above  will  harden  the  butter  to  the  safe  point. 

Working  Butter. — The  consolidation  of  the  grains  and  the  ex- 
traction of  moisture  in  the  correct  degree,  are  carried  out  in  one 
operation  known  as  “working”  the 
butter.  The  old  practice  is  to  do 
this  with  the  hand ; but  this  is 
happily  vanishing,  for  it  stands 
condemned  on  account  of  the  mis- 
chief done  to  the  flavour,  texture, 
and  keeping  properties,  by  the 
heat  and  perspiration.  The  heat 
of  the  blood  is  98°  F.,  and  while 
that  of  the  skin  is  not  so  high  in 
health,  it  is  much  too  high  for  safety. 

We  can  raise  the  mercury  in  a 
standard  thermometer  to  940  F.  at 
writing,  when  free  from  physical  exertion  ; the  average  melting  point 
of  butter  is  9 f F. ! The  effect  of  a temperature  of  70°  F.  is  to  partially 
dissociate  the  fats  ; and  this  in  higher  proportion  with  greater  heat ; 
while  no  after-cooling  will  ever  restore  their  original  relations.  By 
wetting  the  hands  and  reducing  the  surface  temperature  by  evapora- 
tion, the  mischief  may  be  lessened,  besides  which  the  moisture  is 
interposed  between  the  hand  and  the  butter,  but  these  things  generally 
do  little  to  save  the  delicate  material.  We  have  known  cases  in 
which  this  practice  made  so  much  difference  as  to  become  a matter  of 
boasting.  My  hand  is  a very  good  one  for  butter  ; I can  make  it  as 
cold  as  an  icicle.”  This  was  an  exaggeration,  of  course,  but  true  so 
far  that  the  reduction  of  surface-heat  was  injurious  to  the  boaster. 
\V  hat  may  be  good  for  the  butter  is  bad  for  the  butter-maker  in  this 
case,  and  vice  versa.  So  the  days  of  hand-working  are  nearly  at  an 
end  ; and  there  is  the  less  excuse  for  their  continuance,  because  the 
appliances  to  take  its  place  are  simple  and  cheap. 


Fig.  190. — Butter  Cooler. 
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With  a “ trundle ” (Fig.  191),  and  a scoop  (Fig.  189),  small 
quantities  can  be  worked  perfectly,  the  scoop  being  held  as  in 
Fig.  192,  and  borne  down  upon  the  butter, — not  as  if  kneading  putty, 
but  gently  ; not  with  a grinding,  but  a pressing,  action.  The  hand 


will  warm  the  scoop  in  time  ; it  is  therefore  well  to  keep  a pair,  the 
one  being  in  water  while  the  other  is  in  use.  But  the  work  can  be 
more  economically  done  in  larger  quantities  from  20  lbs.  upwards  with 


Fig.  193.— “Albany”  Cunningham  Butter-Worker. 

a “ worker,”  the  best  form  of  which,  the  “ Cunningham,”  is  represented 
in  Fig.  .93  by  Bradford  & Co.’s  “Albany.”  Quite  a number  of  other 
machines  of  the  same  class  are  in  the  market,  made  by  Llewellyn, 
Hathaway,  Dairy  Supply  Company,  and  others,  each  having  its  special 
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advantages  in  convenience.  The  table  a,  which  should  slope  towards 
a point  of  discharge,  is  traversed  by  a corrugated  roller  b,  running  in 
a frame  c , which  is  kept  in  place  by  strips  of  wood,  and  made  to  run 
easily  by  rollers  of  hard  wood.  Two  pins  act  as  bearings  to  the  roller 
spindle,  and  press  on  the  ends  of  a wooden  spring  d,  allowing  the 
roller  to  rise  a little,  and  so  to  accommodate  itself  to  varying  thick- 
nesses of  butter.  The  roller  is  turned  by  the  crank  e,  while  the  handle 
/ is  used  to  propel  the  frame.  The  machine  is  either  supported  by  a 
stand  g,  or  placed  on  a table. 

In  use,  the  butter  should  be  piled  on  the  middle  of  the  table, 
and  gently  pressed  down  with  a scoop  until  it  is  not  more  than  an 
inch  and  half  thick.  Then  the  roller  should  be  passed  over  it  first 
upwards  and  then  back,  driving  the  expressed  water  towards  the 
outlet.  Just  as  in  pressing  cheese,  the  tendency  of  excessive  pressure 
is  to  close  in  moisture ; and  though  this  may  to  some  extent  be  pressed 
out  later,  it  will  not  be  perfectly  done,  nor  without  unnecessary  work- 
ing. As  the  granules  draw  together  the  crevices  between  them 
become  smaller,  but  those  within  communicate  with  those  nearer 
the  surface ; therefore  the  more  gently  and  evenly  the  compression 
is,  the  more  rapid  and  thorough  will  be  the  extraction.  The  motion 
of  the  frame  and  the  roller  must  correspond.  The  roller  catching 
in  the  butter  would,  of  course,  carry  itself  forward  ; but  it  should  not 
be  allowed  to  do  so  ; nor  should  the  frame  travel  faster  or  slower 
than  will  admit  of  the  roller  pressing  the  butter ; for  in  either  case 
grinding  is  inevitable,  and  this  tends  to  the  mechanical  dissociation 
of  the  solid  and  liquid  fats,  and  helps  to  the  spoiling  of  the  keeping 
quality. 

The  butter  should  now  be  rolled  together  by  propelling  the  frame 
as  before,  but  turning  the  crank  e in  the  opposite  direction,  the 
result  being  as  in  Fig.  194. 

The  roll  so  made,  if  it  is  firm 
enough  to  stand,  should  be  cut 
in  half,  and  set  on  end  near  the 
water  outlet  to  drain  for  a few 
minutes,  and  then  pressed  with 
the  scoop  as  before  and  re- 
worked. This  draining  is  equal 
to  once  working,  and  saves 
from  the  working- in  again  of 
the  water  set  free  in  forming 
the  roll.  I he  use  of  clean  muslin  wrung  out  of  cold  water  is 
admissible  for  the  same  purpose.  Anything  reasonable  may  be 
done  to  get  the  butter  dry  with  the  least  working.  The  condition 


Fig.  194. — Butter-Worker  Rolling. 
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Fig.  19s.— Scotch  Hands. 


in  this  respect  may  be  tested  at  any  time  by  pressing  a little  between 
two  scoops,  or  “Scotch  hands”  (Fig.  195). 

A worker  should  offer  the  following  advantages,  viz.  : — 

(a.)  The  roller  should  be  free  to  yield  to 
any  variations  in  the  depth  of  the  butter. 
Many  workers  are  made  without  springs  ; their 
absence  is  a defect.  This  is  especially  mis- 
chievous in  the  circular  power  - workers,  in 
which  rollers  run  in  fixed  bearings.  We  advise 
the  avoidance  of  these  in  spite  of  their  economy 
of  labour. 

(A)  The  corrugations  of  the  roller  should  be  so  made  as  to  make 
those  in  the  butter  oblique,  so  rendering  the  discharge  of  water 
easier. 

(c.)  The  means  of  gathering  the  butter  into  a roll.  This  is  not 
found  in  the  lever  machines,  which  in  other  respects  do  well.  The 
scoops  cannot  readily  bring  it  into  a convenient  form  for  draining. 

(d.)  The  frame  and  roller  should  run  easily,  but  without  looseness. 

(e.)  The  parts  should  be  easily  separated  for  cleansing. 

The  capacity  of  the  machines  of  the  type  illustrated  ranges  from 
five  to  twenty  pounds  of  butter  at  one  working.  If  the  butter  has 
become  soft  by  this  time,  further  hardening  should  be  sought.  When 
brining  has  been  followed,  no  more  working  will  be  needed ; but  in  the 
case  of  dry-salting  this  should  follow,  the  butter  being  laid  out  by  the 
roller,  and  the  salt  sprinkled  as  uniformly  as  possible,  then  rolled 
together  (Fig.  194)  and  worked  without  the  draining  or  special  drying. 
The  salt  should  be  in  fine  crystals  and  dissolve  readily.  Its  even 
distribution  cannot  be  effected  without  more  working  than  is  requisite 
with  a brined  butter,  and  only  such  as  possesses  a naturally  high  body 
and  coarse  texture  will  bear  this  without  the  beginnings  of  harm.  The 
salt  is  most  easily  distributed  at  a quarter  ounce  to  the  pound  ; as  the 
proportions  rise  above  this  or  fall  below  it  more  working  is  required  ; 
and  the  evidence  of  damage  is  plain  when  the  limit  of  three-quarter 
ounce  to  the  pound  is  passed.  It  is  also  found  that  an  excess  over  this 
does  not  keep  the  butter  as  well.  But  with  this  proportion  a well-made 
butter  will  keep  for  six  months  in  fine  condition.  It  is  a good  plan  to 
set  the  butter  aside  for  a time  to  allow  of  a perfect  dissolving  of  the 
salt,  and  finally  work  it  once  or  twice  before  making  up  or  potting. 
By  this  course  the  working  required  may  be  reduced. 

Here  we  may  close  the  salting  question.  The  saving  by  the  dry 
method  is  striking  ; for  what  can  be  done  by  half  a pound  of  salt  as 
brine  on  a pound  of  butter,  a quarter  ounce  of  dry  salt  will  do  in 
this  way.  For  the  finest  results  we  must  pay  in  this  loss,  and  many 
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makers  of  the  “dry”  class  dispute  the  advantage.  They  set  against 
the  slight  loss  of  texture  that  of  flavour  in  the  brining,  and  believe 
that  they  are  nearly  or  quite  equal.  In  such  case,  the  argument  is 
on  the  side  of  dry-salting. 

With  over-ripe  cream  and  the  “ Devonshire”  material,  more  work 
must  be  done  to  free  the  butter  from  casein  than  under  the  conditions 
described.  Whatever  may  be  said  for  the  “ clotted  ” cream,  the  butter 
made  from  it  is  not,  and  cannot  be,  equal  to  that  made  from  raw  cream. 


Fig.  196. — Brick  of  Butter. 


Fig.  197. — Moulding  Bricks. 


Forms  of  Commercial  Butter. — Butter  is  commonly  made  up  in 
i-lb.,  1 -lb.,  or  2-lb.  lumps,  of  various  shapes,  and  often  with  more  or 
less  of  decoration. 

(a.)  Bricks  (Fig.  196)  are  made  with  the  Scotch  hands,  some  of 
which  are  plain,  others  fluted  (Fig.  195)  ; and  very  pretty  designs 
can  be  made  with  these  simple  tools  with  a little  artistic  ingenuity. 


Fig.  198. 

Roll  of  Butter. 


Fig.  199. 

Butter-Rolling. 


Fig.  200. 
Roll  Mould. 


They  may  also  be  made  with  a mould,  Fig.  197,  the  block  a bearing 
a device,  and  this  pressed  on  the  lump  in  the  frame  k,  the  latter 
may  be  drawn  up  by  the  finger-tips  while  the  thumbs  keep  the  block 
and  butter  in  place  and  the  latter  is  set  free. 

{/>.)  Rolls  (fig.  198)  are  made  either  by  rolling  the  lump  between 
two  boards,  as  in  Fig.  199,  or  by  compressing  them  in  a mould 
(f  ig.  200).  Both  forms  of  butter  are  easy  to  handle  and  pack,  but  are 


330 


MILK,  CIIEESE,  ANI)  BUTTER. 


awkward  for  table  use  unless  divided  into  halves,  the  butter  dishes 
seldom  being  long  enough  to  receive  them. 

(■ c .)  Pa/s  (Fig.  201 ) can  be  made  according  to  form,  by  a “cup” 
mould  (Fig.  202)  for  a,  and  by  a “box  print”  (Fig.  203)  for  b,  the 


Fig.  201. — Pats  of  Butter. 


Fig.  202. — Cup  Mould. 


Fig.  203. — Box  Mould. 


Fig.  204.— Butter  Scale. 


weighed  lumps  of  butter  being  rolled  with  the  Scotch  hands  into 
conical  form  before  being  pressed. 

The  scale  (Fig.  204)  for  weighing  butter  should  be  provided  with  a 
porcelain  plate,  and  have  its  bearings  well  protected.  Care  must  be 

taken  to  provide  against  defective  weight 
through  moisture  on  the  plate,  either  by 
constant  removal  or  by  allow’ance  for  it. 

Several  attempts  have  been  made  to 
mould  and  print  by  complicated  appli- 
ances, but  we  have  found  no  satisfaction 
in  them.  The  butter-moulding  machine 
suitable  to  factory  use  we  believe  has  yet  to  be  invented. 

Here  let  us  put  in  our  protest  against  the  meaningless  and  easily 
copied  figures  of  animals  and  birds,  and  a plea  for  artistic  designs 
presenting  names  or  monograms  in  forms  which  may  be  registered 
under  the  Trade  Marks  Act.  A good  reputation  is  worth  such 
protection,  information  respecting  which  can  be  obtained  from  the 
Comptroller,  The  Patent  Office,  London.  When  the  consumer  gets 
a fine  butter  bearing  a certain  “ print,”  he  clings  to  that  print  with 
wonderful  tenacity  ; never  suspecting  that,  as  is  often  the  case,  his 
favourite  butter  is  unprotected,  and  a good  many  other  people’s 
butters  bear  the  cow’s  head  or  swan,  squirrel  or  shell,  beside  that 
which  he  first  fell  in  love  with,  and  that  he  does  not  always  get  the 
article  he  wanted.  Such  faithfulness  ought  to  be  cultivated ; and  the 
credit  and  profit  to  be  enjoyed  by  the  best  makers,  placed  beyond  the 
reach  of  the  lower-grade  men  who  want  these  good  things  without 
deserving  them. 

Beautiful  imitations  of  flowers  and  other  objects  can  be  made 
for  special  purposes,  and  as  they  fetch  fancy  prices,  are  worth  learning 
to  make.  It  is  not  possible  to  give  satisfactory  directions  in  full  in  a 
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book,  but  we  may  say  that  with  two  small  tools — one  of  the  Scotch 
hand  and  the  other  of  the  knife  (Fig.  159)  form— much  fine  work  can 
be  done.  The  butter,  being  taken  in  small  pieces,  is  flattened  out 
between  the  tools,  and  then  laid  around  a centre-point,  forming  roses, 
lilies,  &c.,  with  comparative  ease  when  a little  practice  has  been  built 
upon  an  art  foundation. 

Roofing  slates  form  the  best  carriers,  when  covered  with  the  pure 
muslin  (free  from  chemical  bleaches),  specially  made  for  butter,  and 
on  these  the  prints  may  rest  until  despatched.  The  cloths  should  be 
wrung  out  of  clear  cold  water  before  use.  Vegetable  parchment  forms 
the  best  wrapping  material,  and  may  bear  the  trade-mark.  For 
marketing,  butter  needs  better  protection  than  it  usually  gets  as 
sold  by  the  farmer ; and  light  and  cheap  boxes,  non-returnable,  are 
the  best  packages  we  know  of  for  efficiency  and  economy.  Even 
when  made  of  common  spruce,  if  they  be  lined  with  the  parchment 
within  and  with  common  paper  next  to  the  wood,  the  butter  will  travel 
without  injury.  For  returnable  cases,  poplar  or  colonial  wood  is 
preferable. 

Potting  Butter. — Heavily  salted  butter  for  keeping  is  put  into 
pots,  and  hence  known  as  “ potted  ” butter.  A really  fine  article,  with 
three-quarters  of  an  ounce  of  salt  to  the  pound,  needs  no  special 
treatment  beyond  the  packing.  The  pot  should  be  absolutely  clean, 
and  not  previously  used  for  any  purpose  liable 
to  spoil  it  for  our  use.  The  butter  should  be 
pressed  into  it  with  a scoop,  so  as  to  leave  no 
crevices  ; the  top  levelled,  and  covered  with 
slightly  wet  muslin ; and  this,  with  half  an  inch  of 
salt  pressed  down  upon  it,  covered  finally  with 
stiff  paper,  and  put  in  a cool  dry  place.  There 
can  be  no  doubt  that  any  good  butter  keeps  FlG-  2°5'— Butter  IN  PoT- 
better  in  a pot  than  in  any  prints  in  contact  with  the  air,  and  Americans 
do  most  of  their  business  in  this  form. 

It  is  believed  that  sunlight,  apart  from  air  and  temperature,  affects 
butter  prejudicially,  tending  to  convert  the  fixed  fats  into  tallow  and 
decompose  the  volatile  fats.  Storage  in  a low  light  will  secure  against 
such  risks. 

Whey  Cream  Butter. — In  making  cheese  more  or  less  of  the  milk 
globules  are  lost  in  the  process  of  breaking  the  curd  ; and  in  the  hard 
curd  systems  this  is  always  enough  to  justify  a reasonable  outlay  for 
securing  it  as  butter.  The  loss  will  depend  somewhat  on  the  original 
milk  quality,  and  especially  on  the  skill  of  the  cheese-maker,  for  a 
clumsy  hand  will  waste  much  more  than  is  necessary.  The  average 
of  sundry  analyses  gives  .33  of  1 per  cent,  as  the  loss  by  one 
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system,  while  that  of  another — supported  by  manufacturing  experience 
— shows  .17,  and  even  this  must  be  regarded  as  too  high. 

Whey  cream,  as  it  is  called,  is  regarded  too  much  as  a half- 
worthless by-product.  Many  American  cheese-makers,  and  some  of 
our  own  people,  make  from  it  a grease  for  use  on  cheeses,  and  fit  for 
nothing  better  ; but  we  have  known  the  product  when  well  made  to 
fetch  at  the  rate  of  is.  8d.  per  lb.  avoirdupois  (is.  iod.  per  pound 
Derbyshire  weight)  for  nearly  three  months  in  succession,  with  an 
average  of  is.  5d.  for  the  season,  and  keeping  only  a penny  per  lb. 
behind  the  best  milk  butters.  Those  days  may  never  return  again, 
but  the  butter  is  worth  making  at  is.  per  lb.,  or  iod.  for  potting, 
and  makes  the  finest  keeping  article  known  to  us.  The  cream  differs 
in  nothing  from  that  of  milk,  excepting  in  so  far  as  the  conditions 
attending  on  the  whey  affect  it.  The  whey  is  set  in  a tank,  which  is 
best  made  of  wood  or  brickwork,  and  lined  with  lead.  Neither 

cement  nor  cemented  bricks  will  serve — 
the  acid  eats  away  the  lime,  and  the  com- 
bination affects  the  whey.  We  remember 
seeing  the  cream  on  a factory  tank  checked 
over  strangely  in  a perfect  pattern,  and 
found  that  the  bottom  of  the  tank  was  laid 
with  square  tiles  in  cement ; immediately 
over  the  joints  there  was  no  cream,  and 
other  observations  have  shown  similar  re- 
sults. Next  morning  it  is  skimmed  with 
Fig.  206.— Whey  Cream  Pan.  & bowb  More  care  is  taken  to  get  all  the 

cream  than  to  exclude  the  whey.  The  cream  ought  to  be  so  thin 
as  to  tax  the  skill  and  patience  of  the  dairyer  ; then  he  can  comfort 
himself  with  the  reflection  that  all  the  rest  is  in  the  cheese.  We 
have  already  recommended  the  separator  for  this  purpose  in  cheese 
factories. 

With  present  conditions  it  is  desirable  to  scald  the  cream  to  a 
temperature  of  1 50°  F.,  and  keep  it  at  that  for  twenty  minutes,  so 
destroying  the  living  ferments,  and  checking  fuithei  fermentation  by 
salting  the  cream  at  the  rate  of  two  ounces  to  the  gallon,  and 
stirring  the  while.  It  should  then  be  set  in  a glazed  pan,  provided 
with  a tap  or  wooden  plug  at  its  lower  edge  (fig.  206),  but  should 
not  be  filled  beyond  two-thirds  of  its  depth,  the  rest  being  filled  with 
cold  spring  water,  and  mix  well.  The  cream  will  rise  to  the  suiface, 
leaving  the  whey  removed  in  skimming  mingled  with  the  vatei  , 
and  these  should  be  drawn  off  next  morning.  After  this  the 
management  should  be  as  with  milk  cream.  The  long-keeping 
quality  is  due  both  to  the  early  fermentation  and  the  after- check 
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put  upon  it.  The  butter  if  made  for  table  use  benefits  by  being  kept 
a few  clays. 

There  is  not  the  room  in  butter-making  for  compensations  for 
mismanagement  which  is  afforded  by  cheese-making.  Errors  in 
ripening,  for  instance,  cannot  be  set  right  to  any  appreciable  extent, 
the  effects  being  physical  as  well  as  chemical,  and  the  latter  are 
mainly  brought  in  to  help  the  former  in  their  setting  free  the  fats. 
The  purely  physical  and  mechanical  laws,  when  transgressed,  place 
the  results  almost  entirely  beyond  remedy.  But,  on  the  other  hand, 
butter-making  is  far  simpler  than  cheese-making  ; in  it  there  are  more 
fixed  rules,  and  fewer  occasions  where  the  judgment  can  err.  The 
results  are  also  more  easily  reduced  to  uniformity  ; and  with  the 
constant  and  widespread  teaching  which  is  being  given  on  this 
subject,  we  ought  speedily  to  put  an  end  to  the  complaints  made 
against  us  by  the  trade,  and  to  the  comparisons  with  foreign  clairyers 
generally  made  to  our  disadvantage. 


CHAPTER  XIX. 


TESTING  AND  ANALYSIS. 

./ 

The  ability  to  determine  the  composition  of  milk  and  its  products, 
to  such  an  extent  as  will  serve  practical  purposes,  is  a very  desirable 
acquirement  for  the  dairyer. 

The  prosecution  by  him  of  the  ordinary  chemical  practice  to  its 
furthest  limits  is  usually  too  great  an  undertaking  ; not  that  it  is  by 
any  means  beyond  his  intelligence,  but  it  costs  too  much,  and  occupies 
too  much  time,  to  justify  it.  There  are,  however,  methods,  some  of 
which  are  used  by  the  analyst,  which  are  both  cheap  and  ready 
enough  to  meet  his  case,  and  which  deserve  his  confidence.  These 
we  shall  describe  ; but  whatever  may  be  their  inherent  value, 
much  of  their  practical  usefulness  will  largely  depend  on  the  dairyer 
himself.  Accuracy  in  working,  recognition  of  influential  conditions, 
and  reliability  in  inference,  are  essential  to  this.  This  is  generally 
supposed  to  be  the  monopoly  of  men  who  have  been  trained  in  the 
science  schools ; but  to  that  we  take  exception.  There  is  no  finer 
training  in  the  world  in  this  direction  than  the  constant  forecasting 
and  estimation  of  the  conditions  of  the  cheese-maker’s  daily  experi- 
ence, and  this  is  true  of  butter-making  in  a degree  proportionate  to 
its  greater  simplicity.  By  the  time  the  dairyer  has  learned  to  under- 
stand and  to  do  his  work  as  it  ought  to  be  done,  he  has  necessarily 
passed  through  a mental  and  technical  drill  equal  to  that  of  the 
average  laboratory.  We  are  not  thinking  here  of  the  empirical 
teaching  of  five-day  courses  of  butter-making,  but  of  the  thorough 
study  and  practice  which  we  are  trying  to  promote  ; and  we  are  sure 
that  any  dairyer  who  can  grasp  the  main  principles  and  conditions  of 
his  art,  and  carry  out  its  details  faithfully,  can  also  appreciate  those 
which  relate  to  methods  of  analysis. 

The  methods  within  easy  reach  vary  in  value,  and  there  are  with 
them,  as  with  all,  adverse  conditions  and  accidental  interferences 
which,  if  unrecognised  or  misunderstood,  may  make  the  results 
misleading  or  valueless.  While  we  shall  endeavour  to  anticipate 
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common  risks,  it  will  be  impossible  to  go  further  within  our  limits 
of  space  ; ancl  the  dairyer  who  finds  something  amiss  in  his 
conclusions,  must  needs  seek  explanation  by  reasoning  and  experi- 
ment. In  this  case  he  will  be  in  the  excellent  company  of  the 
greatest  scientific  authorities,  who  have  frequently  to  confess  failure 
and  begin  again. 

Milk. — The  purposes  of  the  dairyer  in  wishing  to  know  something 
about  the  quality  of  a milk  are  twofold,  viz.,  (a)  for  the  improvement 
of  his  herd,  feeding,  fanning,  or  manufacture  ; or 
(b)  for  fixing  the  commercial  value  of  a purchased 
supply.  For  these  aims  the  examination  of  milk  may 
be  divided  according  as  it  regards  (a)  the  whole 
quality,  or  the  proportions  of  total  solids ; or  (b)  the  fat. 

At  the  outset  the  taking  and  treatment  of 
samples  require  notice.  The  whole  benefit  of  any 
test  is  thrown  away  if  the  sample  be  not  repre- 
sentative of  the  bulk  from  which  it  is  drawn. 

Therefore  it  should,  if  possible,  be  taken  before  any 
cream  has  risen,  and  in  any  case  the  mass  should  be 
stirred  to  a uniform  distribution  of  the  globules. 

Even  in  a few  minutes  the  balance  of  fat,  and  there- 
fore of  total  solids  too,  is  destroyed  ; for  the  upper 
milk  will  contain  more  globules  than  that  lower  down.  Sample  Dipper. 
Milk  which  has  travelled  from  the  farm  to  the  factory 
will  be  fairly  mixed  in  the  receiving  can  ; but  even  then  the  sample 
dipper  (Fig.  207)  should  be  freely  used  for  stirring  it. 

The  sample  should  be  emptied  into  a jug  bearing  a number, 
which  corresponds  with  the  supplier’s  number  in  the  factory  book, 
or  with  the  cow,  or  other  reference,  as  the  case  may  be.  However 
short  may  be  the  time  it  stands  after  this,  it  must  be  thoroughly 
mixed  again  before  being  tested,  and  there  is  no  better  way  than 
to  pour  it  smartly  from  jug  to  jug  as  much  as  necessary.  If  the 
least  cream  appears  at  the  milk  level  in  the  original  jug,  it  should 
be  carefully  swilled  down  by  shaking  the  milk  upon  it  before  the 
mixing  is  commenced.  I he  capacity  of  this  jug  should  be  a pint, 
for  though  a sample  of  a quarter  pint  will  generally  serve,  more  will 
sometimes  be  needed,  and  there  should  be  ample  room  to  allow  of 
pouring  without  splashing. 

(a.)  1 he  total  solids  are  best  determined  by  evaporation  of  the 
water  from  a weighed  sample  of  milk,  weighing  the  residue,  and 
comparing  it  with  the  original  quantity.  For  this  purpose  the 
following  apparati  are  necessary,  viz.  : — 

A chemical  balance  (Fig.  208),  constructed  to  weigh  finely,  and 
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consisting  of  a pillar  ^ on  which  rests  a beam  b,  with  pans  c c,  and 
screws  dd  to  balance  it,  until  the  pointer  e stands  at  the  middle  line 
of  the  scale  f when  the  pans  are  at  rest.  In  use,  the  beam  b is 
raised  by  a wheel  worked  by  the  milled  head  g , so  that  the  pans 
swing  clear  of  the  bottom  of  the  case  h,  this  being  done  by  a quick, 
but  not  jerky,  motion.  The  whole  is  protected  by  glass  to  preserve 
the  bearings  from  atmospheric  damp,  which  would  soon  ruin  them  ; 
and  it  is  well  to  keep  inside  the  case  a small  open  jar  of  fused  Calcic- 


chloride,  which  will  absorb  any  moisture  in  the  contained  air,  and 
so  make  “assurance  doubly  sure.”  Screws  i i are  provided,  by  which 
to  set  it  perfectly  level,  with  the  help  of  a spirit  level.  The  best 
weights  are  those  of  the  metric  system,  the  unit  of  which  is  the 
gramme , which  is  nearly  15^  grains  English  weight.  This  is  divided 
into  lower  weights,  decigrammes  (tenths),  centigrammes  (hundredths), 
and  milligrammes  (thousandths  of  a gramme),  such  being  in  the  form 
of  bent  plates  of  platinum  ; and  their  decimal  relations  make  them 
much  simpler  and  more  easily  reduced  to  percentages  than  those 
of  the  English  system. 
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Fig.  209. 

Evaporating  Bath  and  Oven. 


A combined  evaporating  bath  and  oven  (Fig.  209),  consisting  of 
a double-cased  oven  of  copper,  around  which  water  is  boiled  by  gas, 
oil,  or  steam,  as  may  be  convenient. 

At  the  top  are  openings  a a , a tube  b 
ventilating  the  oven,  and  another  c 
by  which  water  is  supplied  through  a 
funnel,  while  by  d any  overflow  finds  its 
way  to  a proper  place  of  discharge. 

Within  the  oven  loose  shelves  of  per- 
forated copper  rest  on  projections. 

A ventilator  e controls  the  admission 
of  air.  When  oil  is  used  a chamber 
f is  needed,  with  a flue  g directing 
the  heat  into  it,  while  apertures  under 
the  projections  j j allow  of  a current 
of  ventilation  to  the  lamp  z,  and  a 
window  h gives  a sight  of  the  flame 
for  regulation.  The  lamp  must  be 
kept  very  clean,  and  not  allowed  to 
smoke.  In  a factory  steam  will  be 
economical,  and  if  muffled  at  its  inlet,  and  only  turned  on  sufficiently 
to  cause  a gentle  simmering  motion,  will  answer  perfectly.  The 
variations  of  steam  pressure  will  how- 
ever have  to  be  watched. 

Porcelain  dishes  («,  Fig.  210)  hold- 
ing ten  grammes,  and  nearly  flat ; 
a few  pipettes  ( b ) of  bent  glass 
tube,  with  fine  points  ; and  others  {c) 
with  coarser  points,  and  capable  of 
holding  five  cubic  centimetres  up  to  the  mark  shown, 
is  very  nearly  equal  to  five  grammes  weight  of  milk, 
glass  bell  jars  (Fig.  21 1)  for  cooling  samples  will 
also  be  required.  This  outfit  will  cost  from  £ 8 to 
,£12,  according  to  size. 

The  dairyer  should  place  his  scale  on  a firm 
table  of  ordinary  height,  and  level  it,  arrange  his 
sample  jugs  and  mixing  jug  on  his  left,  and  his 
dishes— which  have  been  previously  well  dried  in 
the  oven— on  his  right.  Taking  his  seat,— for  he 
must  be  comfortable,  and  have  his  hands  free,— his 
first  business  is  to  weigh  a dish.  It  will  save  trouble  and  time  if 
he  weighs  his  whole  set,  scratching  the  weight  on  each  with  a 
glazier’s  diamond,  so  that  in  weighing  he  may  come  within  a 


Fig.  210.— Dish  and  Pipettes. 


This  measure 
One  or  more 


Fig.  2ti. 
Desiccator. 


33§ 


MILK,  CHEESE,  AND  BUTTER. 


fraction  of  the  weight  at  that  time  by  the  first  placing  of  weights. 
Raising  the  beam,  the  motions  of  the  pointer  e will  show  him  if 
the  weights  need  altering,  and  to  what  extent,  for  he  will  soon 
become  familiar  with  the  correspondence  of  the  weights  with 
the  scale  divisions.  When  the  exact  scale  balance  is  secured,  the 
beam  is  lowered  (as  it  is  also  for  all  changes  of  weights  and  dishes), 
a sample  is  prepared  by  pouring  from  jug  to  jug,  and  the  pipette  c 
(Fig.  2 io)  filled  to  the  five-gramme  mark  by  suction  with  the 
mouth,  and  run  into  the  dish,  which  is  removed  from  the  scale  for  the 
purpose.  In  using  the  pipette,  the  best  plan  is  to  draw  into  it  a little 
more  than  is  needed,  remove  it  from  the  lips,  and  quickly  cover  the 
upper  end  of  the  tube  with  the  finger,  as  in  Fig.  212,  when  by 
lifting  this  very  slightly  at  intervals  sufficient  air  will 
be  admitted  to  discharge  some  milk, — even  the  most 
minute  quantities,  if  desired, — and  thus  lower  the  con- 
tents nearly  to  the  mark.  The  last  milk  in  the  point 
should  be  blown  out.  On  replacing  the  dish  in  the 
scale,  a five  grammes  weight  is  put  on  the  other  side, 
which  will  rise  with  the  lifting  of  the  beam,  the  milk 
being  a little  the  heavier.  The  pipette  b comes  now 
into  use,  and  there  are  three  ways  of  using  it.  For  con- 
siderable removals,  the  large  end  is  placed  between  the 
lips  and  the  point  into  the  milk,  and  by  suction  enough  is 
drawn  up  into  it  to  turn  the  scale.  It  is  then  removed,  the 
beam  lowered  to  reduce  its  pans  to  steadiness,  and  when 
raised  again,  the  milk  from  the  pipette  dropped  into  the 
dish  under  control  of  the  finger  as  before.  For  finer 
adjustments,  the  point  of  the  pipette  is  allowed  to  take  up 
what  it  will  by  dipping  ; and  for  the  finest  of  all,  the  edge  of  its  other 
end  is  touched  so  lightly  on  the  milk  surface  as  to  require  once  or 
twice  doing  to  change  the  weight  by  a millimetre. 

This  is  delicate  work,  and  requires  patience  ; but  any  one  can  become 
so  expert  in  doing  it,  as  to  be  able  within  a week  to  weigh  samples  at 
the  rate  of  one  in  two  to  three  minutes.  When  all  are  ready  the 
scale  is  closed,  the  water  in  the  bath  set  at  simmering  point,  and  the 
samples  placed  over  the  openings  a a,  Fig.  209.  There  they  remain 
until  reduced  to  a dry  yellow  crust,  when  they  will  contain  only  a 
thousandth  or  less  of  their  original  water.  They  should  now  be  placed 
in  the  oven,  and  kept  there  until  they  cease  to  lose  weight ; which  may 
be  tested  by  weighing  two  or  three  at  three  hours  from  the  start,  and 
replacing  them  for  another  half-hour.  If  they  have  lost  weight 
during  that  time,  they  should  be  returned  for  another  half-hour’s 
drying,  and  so  on  ) when  they  are  found  to  be  steady  at  their  last 


Fig.  212. 
Measuring 
with  Pipette. 
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previous  amount,  they  can  be  removed  finally.  They  should  now  be 
cooled  under  the  bell  jars,  some  fused  Calcium-chloride  being  enclosed 
with  them  to  absorb  any  moisture  from  the  air.  In  an  hour  they  can 
be  weighed.  In  a rough  book  the  calculations  should  be  made  as 
in  the  example  given.  As  the  dishes  are  weighed  into  the  scale,  the 
number  of  the  sample  (a),  and  the  weight  scratched  on 
the  dish  (<£),  should  be  entered  for  identification.  Leaving 
a line  free,  the  actual  weight  of  the  dish  is  entered  at  c, 
and  of  the  dish  and  dried  solids  at  d (a  supposed  case,  of 
course),  and  c being  subtracted  from  d leaves  the  weight 
of  the  solids,  which  being  the  product  of  five  grammes 
weight  of  milk  must  be  multiplied  by  twenty,  or  doubled,  (w  (,26 
and  the  decimal  point  removed  one  figure  to  the  right  to  2 


(«) 

(6) 

(d) 
to 

(e) 


12-375 

12.998 

12.372 


(/)  12.52 


give  the  result  from  100  grammes,  which  here  is  12.52 
per  cent.,  or  12  grammes  5 decigrammes  and  2 centi- 
grammes, as  it  would  read  in  weight.  This  method  of 
drying  the  water  gives  a result  the  nearest  possible  to  absolute 
accuracy,  and  is  the  first  step  in  the  practice  of  the  regular  analyst. 
The  principle  is  simplicity  itself,  and  failure — within  the  course  and 
care  advised — is  practically  beyond  our  power. 

(A)  A third  method  has  been  offered,  by  which  the  total  solids 
may  be  calculated  from  the  density  and  fat,  as  determined  by  the 
ordinary  tests  for  these.  This  proceeds  on  the  belief  that  the  solids 
— not  fat— bear  a constant  relation  to  the  fat  and  the  density  ; but 
this  not  being  the  case,  but  so  far  from  it  that  the  formula  and 
tables  based  upon  them  fall  foul  of  common  experience,  it  is  idle  to 
quote  them.  We  have  seen  no  table  as  yet  on  which  we  would  dare 
to  advise  the  reader  to  purchase  milk. 

Fat. — (a.)  The  simplest  estimation  of  this  constituent  is  obtained 
by  the  creamomcter  (Fig.  10),  which  gives  the  percentage  of  cream 
raised  within  a given  time.  Such,  however,  are  the  differences  in 
milks  in  the  matter  of  creaming,  that  the  test  is  only  useful  as 
a “pointer,”  enabling  the  butter-maker  to  judge  roughly  of  the 
profitableness  of  his  cows,  and  showing  by  any  sudden  or  special 
falling  off  of  the  cream  proportion  that  something  is  wrong  with 
the  cow  or  her  feeding.  In  order  to  its  best  results  the  tube 
should  be  warmed  and  afterwards  cooled,  as  with  the  best  creaming 
systems. 

(A)  The  optical  test,  performed  with  an  appliance  called  a lacioscopc , 
which  consists  of  a vessel  of  some  convenient  form  to  test  the 
opacity  of  milk,  and  thus  to  estimate  its  quality.  Certain  marks 
which  are  visible  through  a fixed  depth  of  water  are  hidden  by  mixing 
milk  with  it ; or  a certain  quantity  of  milk  hides  the  marks  which 
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are  seen  when  water  has  been  mixed  with  it ; the  milk  necessary  to 
hide  the  marks  in  the  former,  and  the  water  required  to  reveal  them 
in  the  latter  case,  being  calculated  according  to  the  fat  present,  so 
that  they  may  indicate  its  proportions.  The  great  simplicity  of  this 
test  makes  it  a matter  of  regret  that  it  cannot  be  depended  upon. 
We  have  experimented  considerably  with  it,  and  find  that  between 
two  users  the  difference  in  eyesight  is  often  so  great  as  to  enable  one 
to  see  the  marks  when  the  other  could  not,  even  in  some  cases  to 
the  extent  of  a half  of  I per  cent,  of  the  fat  in  the  whole  milk, 
or  1 6 per.  cent  of  the  average  fat  proportion.  The  more  frequent 
lower  variations  would  make  it  necessary  for  each  user  to  make  a 
scale  for  himself,  with  the  necessary  experiments  to  that  end,  and 
with  the  means  for  doing  this  he  could  do  more  certain  work. 
Moreover,  the  sight  of  the  same  person  varies  with  age  and  light, 
and  the  results  are  affected  also  by  the  size  or  number  of  the  globules, 
so  that  at  its  best  it  can  only  be  an  approximate  test. 

(c.)  MarchancP s Method ',  with  the  lacto-butyrometer  (bu-te-rom- 
e-ter). — This  is  the  simplest  test  which  may  be  considered  accurate, 
when  used  under  proper  conditions.  The  essentials  are  a tube  a, 
(Fig.  213),  divided  into  three  parts  at  the  lines  M,  E,  and  A,  with  a 

number  of  fine  divisions  for 
an  inch  or  two  above  and 
below  the  last  named  ; also 
two  vessels  (b  and  c ) contain- 
ing water,  the  one  at  105°  F. 
to  1 io°  F.,  the  other  at  65°  F. 
to  75°  F.;  and  a supply  of(zf) 
ether  (of  density,  .7 17),  and 
of  ( e ) methylated  spirit  (65 
over-proof).  The  vessels  in 
which  these  last  are  kept 
must  be  carefully  closed 
when  not  in  use,  and  not 
opened  an  instant  longer 
than  is  necessary  for  pour- 
ing out  required  quantities. 


Fig.  213.— Lacto-Butyrometer. 


Neither  must  they  be  brought  near  to  a flame,  both  being  inflammable, 
the  ether  especially  dangerous  in  this  respect.  With  ethei  the  waste 
by  evaporation  is  very  rapid. 

The  water-bath  b is  a modification  of  a design  by  Dr  Bond,  of 
Gloucester,  which  may  be  made  to  hold  any  number ; but  in  practice 
one  person  cannot  attend  to  more  than  four  tubes  at  once.  1 he 
funnel-tube  in  the  middle  leads  nearly  to  the  bottom,  so  that  when 
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warm  water  is  poured  in,  it  must  rise  through  and  mingle  with  the 
whole.  A single  jar  like  c will  serve  in  the  farm  dairy. 

Into  the  tube  a , freshly  mixed  milk  is  poured  up  to  the  mark  M 
followed  by  ether  to  the  mark  E,  and  these  two  mixed  thoroughly 
together  by  tightly  closing  the  tube  with  the  thumb,  as  in  Fig.  214, 
and  vigorously  shaking  it  vertically,  with  two  or 
three  turnings  upside  down  at  the  start.  Then 
the  spirit  should  be  added  to  the  mark  A, 
and  another  shaking  given.  The  casein  now 
coagulates  in  irregular  patches,  with  a tendency 
to  adhesion,  which  must  not  be  suffered,  the 
shaking  being  kept  up  until  all  are  reduced  to 
a very  small  and  even  size,  and  distributed 
throughout  the  whole  mass.  The  pressure 
within  must  be  relieved,  by  slightly  lifting  the 
thumb  on  the  side  furthest  from  the  user,  and 
only  when  the  contents  have  been  given  a 
moment’s  rest.  If  this  ventilation  is  not  done 
with  great  care  some  of  the  contents  will  be  lost, 
and  the  test  spoiled.  In  order  to  afford  room 
for  the  shaking,  the  tube  should  be  long  enough 
to  give  at  least  two  inches  of  space  above  the  alcohol  mark.  It  should 
now  be  securely  corked  and  placed  in  the  vessel  b , where  the  fat  will 
separate  with  a portion  of  the  ether  in  the  form  of  an  ethereal  solution. 
The  dissolved  fat  has  its  yellow  colour,  and  can  be  seen  rising  rapidly 
in  drops  of  varying  size,  and  forming  a distinct  layer  on  the  surface. 
The  action  of  the  ether,  which  rises,  being  lighter  than  either  the 
alcohol  or  the  water  of  the  milk,  depends  on  the  temperature  in  which 
it  has  been  kept  or  is  being  used.  In  warm  weather  its  activity  is 
great,  and  liable  to  blow  out  the  stopper  from  the  bottle  or  the  cork 
from  the  tube.  Therefore  it  should  be  kept  in  the  coolest  place 
possible,  and  the  temperature  of  the  water  in  the  vessels  b and  c 
should  be  regulated  according  to  the  temperature  of  the  laboratory,  as 
in  the  accompanying  table  : — 


Fig.  214. — Holding  Lacto- 
Butyrometer  Tube. 


Air. 

Maximum. 

Minimum. 

65°  F. 

O 

tO 

0 

O 

O 

O 

^3 

60°  F. 

0 

0 

hH 

102°  F. 

55°  F. 

iio°  F. 

1 05°  F. 

A glass  thermometer  should  be  used  frequently  to  ascertain  when 
more  warm  water  is  needed,  and  a little  practice  will  enable  the  user 
to  gauge  the  quantity  necessary  to  raise  the  temperature  the  five 
degiees.  I he  activity  of  the  ether  should  be  sufficient  to  keep  the 
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curd  particles  in  gentle  motion  as  long  as  the  tube  is  in  this  vessel, 
and  to  prevent  their  settling  ; when  this  last  happens  the  dairyer  may 
be  sure  that  more  warmth  is  needed.  On  the  other  hand,  it  should 
not  be  so  lively  as  to  expel  the  cork,  or  even  to  dash  the  curd  upwards 
on  the  tube-side  ; and  at  the  first  signs  of  such  danger  the  temperature 
should  be  lowered  by  a degree  or  two  by  cold  water.  The  observance 
of  the  temperatures  given  will  generally  secure  a right  action.  When 
no  more  fat  is  seen  rising,  the  tube  should  be  removed  to  the  vessel  c, 
the  temperature  being  as  in  the  table  below.  The  curd  will  now 


Air. 

Maximum. 

Minimum. 

65°  F. 

70°  F. 

65°  F. 

66°  F. 

72°  F. 

67°  F. 

55°  F. 

75°  F. 

70°  F. 

gradually  sink  ; and  the  slower  the  sinking  is,  the  better,  for  any 
remaining  fat  will  the  more  easily  find  its  way  up  between  the  particles. 
If  the  curd  gathers  in  clots,  it  is  liable  to  enclose  some  of  the  fat 
and  carry  it  down.  When  no  more  fat  is  seen  to  rise,  the  number  of 
lines  by  the  scale  may  be  read  off,  and  the  quantity  of  actual  butter- 
he  table  given.  Each  space  represents  one-tenth  of 
a cubic  centimetre.  By  capillary  attraction  the  sur- 
face will  not  be  level,  but  dip  to  the  extent  of  one 
space,  and  the  lower  end  of  the  fat  layer  will  to  some 
extent  correspond.  For  this  due  allowance  is  made 
with  this  table,  so  that  the  measure  may  be  read 
from  the  top  edge  to  the  lowest  point  of  the  lower 
dip. 

The  value  of  this  test  depends  on  the  understand- 
ing of  conditions,  and  a ready  recognition  of  their 
signs,  and  on  the  thoroughness  of  the  work.  The 
ether  and  alcohol  must  be  of  correct  and  uniform 
strength  at  all  times,  or  their  action  will  be  unreliable. 
The  measuring  of  the  quantities  must  be  exact.  The 
shaking  must  be  vigorous,  and  continued  long  enough 
to  ensure  its  results.  It  is  not  enough  merely  to 
mix  the  ether  with  the  milk  ; the  purpose  is  to  set 
the  fats  free  by  churning,  so  that  the  ether  may  dis- 
solve them  ; and  in  proportion  to  the  churning  up  to  the  furthest 
limit,  will  be  the  success  of  the  test.  Then  when  the  alcohol  is  added, 
the  second  shaking  causes  a fine  division  of  the  curd,  and  this  also 
cannot  be  too  thorough  within  possibilities.  The  temperatures  under 
which  the  remainder  of  the  process  is  carried  on  will  determine  the 
rest.  Now  there  is  nothing  in  all  this  beyond  the  range  of  ordinary 
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intelligence  ; and  if  the  dairyer  will  be  so  exact  and  thorough,  he 
will  find  satisfaction  in  the  results,  which  will  correspond  very  closely 
to  those  of  the  best  analyses. 

This  test  can  be  applied  to  creamed  milks,  whey,  and  buttermilk, 
to  show  loss  in  setting,  separating,  or  churning.  Below  one  space  of 
the  scale,  however,  the  amount  cannot  be  determined  ; and  it  is 
necessary  to  make  a higher  quality  sample  for  the  purpose.  This  is 
done  by  well  mixing  equal  quantities  of  the  material  to  be  tested  and 
milk — of  which  the  fat  proportion  has  been  already  ascertained, — and 
testing  the  mixture.  The  proportion  of  fat  in  this  must  be  doubled, 
and  the  proportion  of  fat  in  the  earlier  tested  milk  subtracted  from 
this  total,  when  the  remainder  will  be  the  fat  in  the 
special  material  tested.  Example  : — A milk  with  3.50 
per  cent,  fat  is  added  to  a creamed  milk  which  it  is 
desired  to  test.  The  mixture  yields  1.86x2  = 3.72- 
3. 50  = .22,  which  is  the  fat  in  the  creamed  milk. 

(d.)  Centrifugal  power  has  been  combined  with  chemical 
means  in  the  “Babcock”  and  “Beimling”  tests,  both 
hailing  from  America.  The  former  has  already  been 
introduced  by  Messrs  Lister  & Co.,  of  Dursley,  Cdoucester, 
in  a handy  form,  with  certain  mechanical  advantages  over 
American  patterns,  and  is  here  known  as  the  Lister- 
Babcock  method.  In  this  sulphuric  acid  (FLSO4)  is  used 
in  a mixture  of  about  one-tenth  water  to  nine-tenths  of 
the  strongest  trade  acid.  These  should  be  mixed  in  a 
stoneware  or  earthenware  vessel, — not  in  one  of  glass, 
because  of  the  heat  evolved  in  mixing.  The  result,  when 
cold,  should  be  a density  of  1.834  and  no  more.  If  this 
is  exceeded,  water  must  be  added  to  bring  it  down.  An 
acidimeter  (which  is  a hydrometer,  with  a scale  of  proper 
range  for  acids)  should  be  used  to  determine  this.  After 
cooling,  the  mixture  should  be  kept  closed  from  the  air,  which  would 
otherwise  weaken  it,  and  interfere  with  the  working  of  the  test.  Care 
must  be  taken  to  avoid  contact  of  the  acid  with  the  skin  or  clothes. 
The  vessel  used  is  a bottle  (Fig.  215),  the  neck  of  which  bears  a 
scale  of  percentages,  with  intervening  lines  marking  divisions  of  two- 
tenths  of  1 per  cent.  With  a pipette  (Fig.  210,  c)  marked  to  measure 
17.6  cubic  centimetres  (briefly  written  c.c.\— but  really  delivering  17.5, 
because  the  balance  adheres  to  the  glass, — milk  is  discharged  into 
the  bottle,  which  is  tilted  to  one  side  to  receive  it,  so  that  it  may 
run  down  the  side  leaving  space  for  air.  If  more  than  one  sample 
is  to  be  tested,  all  should  be  placed  in  their  bottles  with  means  of 
certain  identification.  Then  17.5  ex.  of  the  acid  mixture  is  poured 


Fig.  215. 
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'into  the  bottle,  and  in  such  a manner  as  to  wash  down  all  the  milk 
on  the  neck, — or  if  more  tl,ian  one  test  then  all  in  rotation, — and  this 
being  heavier  will  sink  to  the  bottom,  the  milk  forming  a distinct  layer 
above  it. 

The  centrifugal  machine  consists  of  a case  ( a , Fig.  216),  which 
should  be  screwed  down  to  a table  for  stability,  with  a cover  (<£), 
constructed  to  hold  hot  water  for  the  maintenance  of  the  internal 
temperature;  and  a disc  (c)  driven  by  a wheel-gearing  (d),  which  causes 
the  disc  to  revolve  ten  times  for  every  revolution  of  its  own.  Around 
the  disc  the  bottles  (e)  are  arranged  so  as  to  balance  equally,  and  each 
contained  within  a wire  holder.  Before  being  placed  in  the  machine 
each  bottle  is  shaken  with  a rotary  motion, — not  up  and  down,  as  with 
the  Marchand  tubes, — and  without  any  attempt  to  close  the  mouth. 


Fig.  216.— Lister-Babcock  Apparatus. 


Sufficient  heat  is  evolved  in  this  mixing  to  turn  the  casein  to  a dark 
coffee  colour  ; and  this  heat  must  be  made  the  most  of,  for  the.  perfect 
action  of  the  test  depends  on  the  temperature  ; and  if  this  process  is 
done  quickly,  time  and  trouble  will  be  saved  later  in  special  heating. 
The  cover-space  being  supplied  with  hot  water  and  the  bottles 
arranged,  the  machine  is  set  in  motion  and  kept  at  full  speed  for  ten 
minutes,  after  which  it  is  brought  to  a standstill,  but  gradually,  or  the 
bottles  will  most  likely  be  broken.  The  bottles  are  now  to  be  filled 
with  water  at  200°  F.  to  205°  F.,  exactly  to  the  7 per  cent,  mark 
by  the  pipette,  and  again  set  in  motion  for  two  minutes,  and  by  the 
time  it  comes  to  rest  the  fat  should  be  found  clear  and  well  separated 
from  the  other  contents  in  the  neck,  If  cloudy  it  will  need  more 
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heat.  When  the  proper  condition  in  this  respect  is  reached,  each 
bottle  is  raised  to  a level  with  the  eye,  and  the  measure  of  fat  is 
calculated. 

The  figures  are  estimated  to  show  the  amount  of  butter  realisable 
from  the  milk  by  separation,  and  if  it  is  desired  to  know  the  full  propor- 
tion of  fat  in  the  milk  .4  of  1 per  cent,  is  added.  When  creamed  milk 
buttermilk,  or  whey  are  to  be  tested,  they  should  be  treated  as  advised 
with  Marchand’s  process.  To  prepare  the  bottles  for  further  use  they 
should  be  turned  upside  down,  and  so  whirled  round  as  to  make  the 
contents  pass  out  with  a funnel-shaped  air-space  through  the  middle, and 
two  rinsings  of  hot  water  discharged  in  the  same  way  will  cleanse  them 
effectually. 

The  Beimlino  test  proceeds  on  very  similar  general  lines,  but  1 5 cc. 
of  milk  are  used,  with  two  compounds,  one  of  equal  parts  of  Amyl 
alcohol  (C5H120)  and  hydrochloric  acid  (HC1),  first  mixed  by  shaking  ; 
and  then  sufficient  sulphuric  acid  to  reach  the  7 per  cent,  line,  this 
last  being  added  at  twice,  and  a shaking  with  each,  with  care  to  avoid 
an  action  sufficient  to  produce  foaming.  The  heat  is  so  great  that  a 
dozen  samples,  if  quickly  prepared,  may  be  carried  through  without 
hot  water.  After  being  kept  in  motion,  by  a machine  similar  in 
principle  to  the  “ Babcock,”  for  two  and  a half  minutes,  the  results 
are  found  by  a table  specially  prepared,  the  scale  not  giving 
percentages. 

(e.)  Where  the  drying  and  weighing  method  is  employed  to  deter- 
mine the  total  solids,  it  is  easy  to  carry  the  process  further,  and  learn 
the  amount  of  fatty  and  non-fatty  solids,  by  extracting  the  fat  from  the 
residue  of  the  drying.  For  this  purpose  the  dried  solids  may  be 
treated  with  benzoline,  about  the  quantity  of  the  original  milk  being 
run  into  the  dish  with  a pipette,  and  the  whole  placed  over  the  bath 
with  the  water  maintained  at  112°  F.  Though  at  100°  below  boiling 
point  of  water,  the  benzoline  will  boil,  extract  the  fat,  and,  like  ether, 
dissolve  it.  When  it  has  boiled  away  to  half  its  original  quantity,  it 
should  be  taken  off,  and  after  being  allowed  to  settle,  so  that  the 
liquid  may  be  free  from  any  particles  of  a solid  character,  emptied — 
with  all  care  to  avoid  loss  of  such, — and  the  process  repeated  until  no 
more  fat  is  forthcoming.  This  may  be  known  by  using  ether  finally, 
and  allowing  a drop  after  use  to  fall  on  unsoiled  white  blotting  or 
filter  paper  ; if  no  stain  is  observable,  the  work  is  completed.  The 
second  residue  should  now  be  dried  on  the  bath  (Fig.  209)  and  in 
the  oven,  as  for  total  solids,  but  will  take  only  a third  of  the  time, 
the  spirit  being  rapidly  evaporated.  After  a time  in  the  desiccator 
(Fig.  21 1),  its  weight  may  be  taken,  and  this  subtracted  from  the 
original  total  solids  will  give  the  fat.  Other  methods  of  extraction, 
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when  that  alone  is  desired,  are  practised  by  analysts,  but  they  are  of 
no  better  value  than  these  given. 

We  are  now  in  a position  to  discuss  the  purchase  of  milk  by 
quality,  in  which  matter  it  was  our  privilege  to  do  pioneer  work. 
To-day  our  American  cousins  are  taking  it  up  in  all  directions,  and 
finding  in  it  a great  and  manifest  encouragement  to  the  production 
of  good  milk.  The  foundation  of  the  whole  lies  in  the  self-evident 
fact  that  the  dairyer  can  get  no  more  out  of  milk  than  it  contains 
of  realisable  solids.  In  view  of  the  variations  in  the  composition 
of  milk,  no  fixed  price  can  be  just  both  to  seller  and  buyer.  It  is 
nothing  but  simple  justice  that  a farmer  who  supplies  a good  milk 
should  be  paid  more  for  it  than  his  neighbour  is  paid  for  a poorer 
milk,  and  it  is  just  as  reasonable  that  the  factory  owner  should 
refuse  to  pay  for  the  latter  the  price  proper  to  the  former.  Care- 
less men,  whose  sole  aim  is  to  get  for  a poor  article  as  much  as 

another  can  get  for  a better  one,  will  probably  quarrel  with  the 
principle,  and  in  doing  so  proclaim  their  character  to  their  fellows  ; 
but  there  are  men  wise  enough  to  test  the  case  for  themselves,  and 
the  result  is  not  uncertain.  We  have  already  pointed  out  that  good 
breeding  and  feeding  give  larger  profits  beyond  a certain  limit  of 
judgment  and  economy,  and  the  surest  way  to  bring  these  principles 
into  common  use  is  to  put  a premium  on  good  milk  at  the  factory. 
After  exhaustive  calculations,  we  recommend  the  following  basis  for 
valuation  in  cheese-making , viz.,  the  making  12  per  cent,  solids 
the  minimum  quality  receivable,  and  the  fixing  of  a minimum  price 

for  such  a milk,  with  the  addition  of  a farthing  per  imperial  gallon 

for  every  half  of  1 per  cent,  of  solids  above  that  point.  It  does 
not  serve  to  make  up  milks  below  the  minimum  at  all,  but  if  not 
returned  they  should  be  subjected  to  a fine  of  one  penny  per  imperial 
gallon  beyond  the  price  due  for  the  quality.  In  the  cheese  factory, 
the  drying  method  should  be  adopted,  because  the  yield  of  cheese 
varies  less  from  the  total  solids  standard  than  from  the  fat  proportion. 
It  has  also  the  great  advantage  of  simplicity;  the  supplier  can  under- 
stand how  the  mere  drying  of  the  water  must  needs  leave  the  valuable 
portions  behind.  For  butter-making , in  which  fat  will  naturally  be 
the  basis,  the  cost  of  production  must  be  taken  as  higher,  because  no 
account  is  taken  of  improvement  in  the  casein,  and  the  bui  den  of 
cost  is  thrown  upon  one  item  ; but  as  fat  increases  at  a much  gieatei 
rate  than  the  other  constituents,  the  difference  cannot  be  great,  and 
one-third  of  a penny  per  half  of  1 per  cent,  above  the  minimum 
meets  the  case  fully  and  fairly  for  both  parties.  The  lowest  limit 
should  be  fixed  at  3 per  cent.,  for  poorer  milks  are  unprofitable  to  all 
concerned.  The  “ Marchand,”  “Babcock,”  or  “Beimling”  tests  will 
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answer  admirably,  and — though  employing  chemicals — can  be  made 
clear  to  ordinary  intelligence.  Prejudice  may  oppose  for  a time,  but 
if  the  dairyer  is  frank  about  his  method,  and  willing  to  let  his  suppliers 
see  it  in  use  at  any  time,  he  will  win  their  confidence.  To  the  supplier 
the  profit  on  the  production  of  a 12.50  per  cent,  milk  will  be  greater 
than  on  one  of  12.00  per  cent,  of  solids,  and  it  will  cost  less  in 
proportion  to  the  time,  labour,  and  materials  used  to  make  the  former 
into  goods  than  the  latter.  Even  when  the  milk  is  made  up  on  the 
farm,  the  economy  in  both  ways  is  just  as  great. 

Cheese. — It  is  desirable  that  the  amounts  of  water  and  fat  in  this 
product  should  be  ascertained  for  guidance  of  the  maker  in  the 
retention  of  whey  and  other  points  of  management.  A sample  of  ten 
grammes,  chopped  very  fine  with  a keen  knife,  and  dried  like  a milk 
sample,  will  show  its  loss  of  water  ; and  by  treating  the  residue  with 
benzoline  and  ether,  the  proportions  of  fat,  and  solids  not  fat,  can  be 
learned.  The  fat  may  be  ascertained  without  separating  the  water  by 
chopping  up  five  grammes  weight  of  cheese,  and  adding  to  it  13  c.c.  of 
water  in  a Babcock  bottle.  By  warming  and  shaking  it  the  cheese 
becomes  softened,  and  ready  when  cooled  to  receive  the  acid,  as  for 
milk,  after  which  the  work  proceeds  as  in  that  case,  the  result  as  per 
scale  being  multiplied  by  eighteen  and  divided  by  five,  when  the  final 
product  will  show  the  fat  proportion.  Further  than  this  we  need  not 
go  herein,  for  the  processes  require  more  apparatus  and  are  much 
more  difficult  of  performance. 

Butter. — In  determining  the  water  in  butter,  a sample  of  fifty 
grammes  (a  little  less  than  two  ounces)  is  necessary.  This  should  be 
heated  over  a spirit  lamp  a,  Fig.  217,  in  a dish  b,  supported  by  a wire 
stand  c,  and  kept  at  from  2120  F.  to  220°  F.,  being 
stirred  meanwhile.  For  these  temperatures  a ther- 
mometer with  a scale  rising  to  240°  F.  is  necessary. 

The  water  escapes  as  steam  with  a fizzing  sound. 

When  the  curd  settles  to  the  bottom  the  sample 
should  be  removed,  first  getting  off  any  which 
clings  to  the  thermometer.  It  should  then  be 
placed  in  the  desiccator  (Fig.  21 1)  until  the  air 
temperature  is  reached  and  then  weighed.  The 
from  the  fifty  grammes  will  show  the  loss  of  water. 


Fig.  217. 

Testing  Butter. 


result  subtracted 
The  curd  and 

salt  may  now  be  estimated  by  scraping  them  from  the  removed  butter, 
and  treating  with  benzoline  and  ether  until  no  fat  is  left.  Their  weight 
can  be  taken  together,  and  the  percentage  of  the  original  weight 
calculated.  Finally,  the  amount  of  salt  may  be  found  from  the  pro- 
portion added  in  making,  and  this  subtracted  from  the  total  of  the 
two  constituents  will  give  the  casein  with  practical  accuracy. 
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The  great  value  of  such  tests  and  simple  analyses  as  we  have 
described,  apart  from  the  application  of  some  to  commercial  matters, 
lies  in  the  knowledge  which  the  dairyer  can  gain  from  their  bearing 
on  his  processes,  enabling  him  to  act  and  speak  with  confidence 
where  he  would  otherwise  be  in  some  doubt.  He  may,  with  such 
knowledge,  pursue  the  work  of  improvement  to  its  utmost  limits,  and 
find  in  it  a constant  inspiration  and  pleasure. 


CHAPTER  XX. 


RECORDS.  —EXPERIMENTS.— CLEA  NSING. 

This  closing  chapter  may  be  devoted  to  a brief  notice  of  three 
matters  of  no  little  importance  to  the  dairyer,  though  in  different 
ways. 

Records.  —The  philosophy  of  records  may  be  summed  up  in  a 
sentence — “Learn  by  experience,  and — to  that  end — record  your 
experience.”  For  want  of  such  records,  every  generation  has  to 
go  over  the  ground  of  its  predecessors,  with  trifling  advantage  and 
slow  advance.  If  any  lesson  is  prominent  in  this  work,  it  is  that 
the  endless  variations  in  the  conditions  attending  on  the  practice 
of  the  dairyer  make  it  necessary  that  he  should  study  these  as 
they  occur  in  his  particular  experience ; and  that,  while  holding 
fast  to  first  principles,  he  should  make  the  finer  modifications  suitable 
to  his  case  by  the  light  of  his  judgment.  It  is  in  the  recognition 
and  correct  manipulation  of  these  delicate  points  that  the  highest 
success  lies,  where  advantage  increases  at  a much  higher  rate  than 
the  efforts  necessary  to  secure  it.  We  may  furnish  the  teaching 
which  will  guide  him  in  the  main,  but  he  can  only  learn  how  to  apply 
it  perfectly  by  observing,  reasoning,  practising,  and  keeping  records. 
The  practice  of  putting  down  the  facts  of  his  daily  work  helps  to 
his  better  remembering  them  ; and  he  will  be  sure  to  compare  one  set 
with  another,  and  so  get  that  inestimable  breadth  and  reliability  of 
judgment  which  only  such  a practice  can  give.  Then  he  will  make 
fewer  and  fewer  mistakes,  and  steadily  increase  the  uniformity  of  his 
results. 

Several  causes  have  combined  to  discourage  the  keeping  of 
records,  (a.)  The  want  of  a definite  aim,  and  a knowledge  of 
foundation  principles.  When  the  varying  conditions  of  daily  experi- 
ence are  ignored,  and  the  same  practices  exactly  repeated,  the 
monotony  of  recording  them  becomes  unbearable;  but  when  those 
variations  are  recognised,  and  the  practices  varied  to  meet  them, 
every  entry  becomes  instinct  with  light  and  friendliness. 
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(A)  The  want  of  a true  conception  of  the  unity  of  the  system  pursued, 
and  the  relative  bearing  of  distinct  practices  on  the  common  product. 
The  details  of  working  have  been  viewed  too  much  apart  from  each 
other  ; and  the  records  attempted  have  accordingly  been  fragmentary, 
and  have  not  taught  what  was  wanted.  If  a record  is  to  be  of  any 
practical  service,  it  must  show  at  a glance  not  merely  the  times  or 
temperatures,  but  these  and  other  items  in  their  mutual  relations,  and 
in  such  a form  that  the  dairy er  can  read  between  them,  and  see  the 
reasons  for,  and  consistency  of,  the  course  pursued.  The  absence  of 
this  coherency  could  not  fail  to  rob  the  records  of  their  value  and 
interest,  and  make  their  keeping  a useless  task. 

(. c .)  The  want  of  cheap  and  convenient  forms,  which  will  make  the 
work  pleasant.  We  have  prepared  suitable  forms  for  publication,  in 
which  the  items  are  based  on  the  scheme  of  this  work,  and  with  all 
needful  tables  attached.  It  is,  therefore,  only  necessary  here  to  give 
general  advice  as  to  their  management.  Records  of  cows  and  their 
feedi?ig  should  recognise  their  age,  breed,  and  parentage,  and  the 
milking  record  of  their  dam,  these  items  being  entered  in  the  early 
part  of  the  book,  with  date  of  last  calving,  and  any  special  facts 
touching  their  health  and  value.  Then  may  properly  follow  some 
pages  of  feeding  notes,  in  which  the  materials,  their  quantities  and 
qualities,  may  be  given,  with  the  nutritive  ratio  of  the  various  com- 
binations, and  supplementary  facts.  Following  these  may  be  the 
milking  records , in  which  the  cow’s  name  is  prefaced  by  the  number  of 
days  since  calving,  and  followed  by  the  symbol  of  the  feeding,  and  the 
milk  given  by  her  morning  and  evening  during  the  time,  covered  by 
an  opening  of  two  pages. 

In  cheese-making , the  first  entries  should  be  (a)  natural  conditions, 
the  temperature  and  humidity  of  the  air  in  the  dairy,  and  weather 
prospects,  as  these  must  always  affect  the  work.  (A)  The  milk,  its 
quality  and  condition,  should  follow  next ; and  if  the  total  solids  and 
fat  can  be  stated  in  figures,  so  much  the  better.  The  progress  offer- 
mentation  should  be  stated  according  to  the  colour  scale  ; and  in  order 
to  finer  distinctions  than  are  there  made,  shades  intervening  between 
the  standards  given  may  be  expressed  by  figures  Bi  or  C2,  represent- 
ing a slight  advance  on  B,  and  a larger  one  on  C.  (*“.)  Times  at  which 
various  processes  commence.  These  should  be  made  out  roughly  on 
a scrap  of  paper  during  the  progress  of  the  work,  when  the  dairyer 
cannot  conveniently  leave  it,  the  time  of  day  only  being  written 
against  the  number  of  the  item.  When  leisure  comes  these  should  be 
entered  in  the  better  form  of  time  occupied  (in  minutes),  so  that  all 
entries  may  stand  in  comparison  without  a moment’s  calculation.  An 
example  of  the  two  forms  will  show  the  advantage  of  each  for  its  pur- 
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pose.  In  these  a represents  the  time  of  renneting,  b that  of  coagula- 
tion, and  c that  at  which  the  curd  was  found  ready  to  cut.  In  columns 


a 7.21 

b 7.41 

C 8.2 1 


2 3 

7-i5 

20  7-37 

60  8. 2 1 


4 

22 

66 


1 and  3 are  found  the  facts  stated  in  the  rough  notes  of  two  days.  He 
enters  the  facts  in  his  record  as  in  columns  2 and  4,  where  the  differ- 
ence between  the  two  curds  in  time  of  coagulation  and  becoming  firm 
are  readily  seen  ; while  in  the  other  form,  they  must  have  been  worked 
out  mentally  in  order  to  comparison.  ( d .)  The  quantities  of  materials 
used  should  be  reduced  to  proportions,  and  expressed  as  simply  as 
possible.  ( e .)  The  ranges  of  temperature— as  in  making  and  curing 
rooms — should  be  given,  as  they  relate  to  the  processes  with  the  cheese 
of  any  day.  The  curing  temperature  will  not  be-  procurable  until  the 
goods  are  despatched,  when  the  date  of  manufacture  being  ascertained 
it  is  easy  to  find  the  daily  readings  in  the  pages  devoted  to  the  matter. 
(/.)  The  loss  in  curing,  the  price  obtained,  and  its  relation  to  cost  and 
quality  of  milk,  and  other  items  of  practical  interest,  should  be  pro- 
curable from  the  entries  made.  In  butter-making,  the  creaming  and 
ripening  (if  practised)  should  be  first  noticed,  and  the  facts  throughout 
treated  on  similar  lines  to  those  of  cheese. 

In  the  long  evenings  of  winter  the  dairyer  can  find  leisure  to  reduce 
his  records  to  totals  and  averages  in  their  closing  pages,  and  put  them 
in  comparison  with  those  of  previous  years  ; and  we  believe  that  they 
will  grow  in  his  estimation  with  the  lapse  of  time. 

Experiments. — Every  dairyer  should  be,  within  safe  limits,  an 
experimenter.  The  field  is  not  yet  half  explored,  and  everybody 
may  do  something  in  the  way  of  inventing  or  perfecting  processes 
or  appliances,  or  even  in  establishing  new  systems  and  products. 
In  the  ways  first  mentioned  so  many  are  at  work  as  to  make  any 
extended  reference  to  them  and  their  efforts  a hopeless  task.  It 
would  seem  as  though  nothing  new  could  be  brought  out ; but 
the  recent  appearance  of  the  “Disc”  churn,  so  different  from  its 
predecessors,  is  proof  to  the  contrary.  In  new  foods  we  may 
instance  the  “Little  Gloucester”  cheese,  introduced  by  Dr  Bond, 
of  Gloucester,  the  system  coming  between  the  Stilton  and  the 
“Limburg”  in  principle  and  results,  and  winning  for  itself  a high 
reputation  as  a delicacy.  Where,  however,  one  man  may  do  some- 
thing startling,  the  mass  will  not  get  beyond  the  quieter,  but  no  less 
valuable  and  honourable,  work  of  improving  their  own  manufacture 
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and  the  means  thereto  ; and  if  they  bring  their  contributions  of  know- 
ledge to  the  common  fund,  they  will  deserve  as  well  of  their  generation 
as  the  inventor.  The  following  general  rules  for  research  in  dairying 
are  always  applicable: — 

(a.)  The  dairyer  should  thoroughly  master  his  system  before  he 
begins  to  experiment  beyond  its  usual  limits.  He  cannot  know  too 
much  of  the  practice  from  which  he  proposes  to  change. 

(b.)  He  must  study  and  follow  natural  law  constantly,  learning  all 
he  can,  and  reasoning,  first  on  established  facts,  and,  in  a secondary 
degree,  on  probabilities  also  ; digesting  what  is  known,  before  he  seeks 
the  unknown.  Experimenting  is  not  leaping  in  the  dark  ; and  while 
by  doing  this  one  may  occasionally  find  something  worth  finding,  the 
real  progress  is  made  by  those  who  “ make  haste  slowly.” 

(c.)  The  essential  principles  of  the  system  must  always  be  kept  in 
view  when  the  purpose  is  to  improve  it  ; and  if  some  discovery  is  made 
which  takes  the  experimenter  out  of  his  original  lines,  and  justifies  a 
new  system  being  adopted,  then,  having  satisfied  himself  of  its  value, 
he  should  put  it  on  the  world  on  its  merits,  and  with  a distinctive 
name. 

(</.)  Definite  aims  should  also  be  before  him.  Groping  may  be 
necessary  sometimes,  but  we  should  know  whither  we  are  going. 
Scarcely  anything  is  more  discouraging  than  aimless  work,  and  the 
total  benefit  from  its  findings  is  small.  The  common  notion  seems  to 
be  that  there  is  a great  deal  of  chance  in  research,  and  that  a fool  is 
more  likely  to  drop  on  a fortune,  than  a thinker  is  to  earn  a com- 
petence. This  is  a delusion.  Genius,  which  everybody  covets,  has 
been  said  by  a high  authority  to  be  “ the  capacity  for  taking  pains.” 

(e.)  Conditions  must  be  watched  everywhere  and  always.  Nothing 
in  the  universe  exists  apart  from  conditions  ; some  evident,  others 
unseen  but  no  less  influential,  as  witness  the  microbe  ! When  some 
unaccountable  fact  comes  under  observation,  it  should  be  reasoned 
upon  and  followed  up.  There  is  a cause  for  every  effect,  and  the 
unknown  cause  may  trip  the  experimenter  at  any  time.  When  he 
wants  to  know  which  of  certain  practices  is  best,  these  must  needs 
vary,  but  all  other  conditions  should  be  reduced  as  far  as  is  possible  to 
uniformity.  If,  for  instance,  it  is  desired  to  determine  which  of  two 
creaming  systems  is  the  best,  they  should  be  tried  together,  receiving 
equal  quantities  of  carefully  mixed  milk,  stirred  while  being  distributed, 
and  equal  opportunities  given  to  both  throughout.  Often  we  meet 
with  statements  concerning  experiments  in  which  systems  and  prac- 
tices are  pitted  against  each  other  under  conditions  so  utterly  unfair  to 
one  or  the  other,  or  so  lacking  in  definiteness,  as  to  make  the  results 
worthless. 
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(/)  This  work  needs  unwearying  patience,  and  much  repetition, 
before  new  theories  can  be  regarded  as  safe  to  follow.  The  questions 
which  we  propose  to  nature  have  need  in  many  cases  to  be  put  in 
two  or  three  different  ways.  Nature  is  often  ambiguous,  and  we 
must  take  care  to  know  exactly  what  she  means. 

( g .)  Accuracy  in  observation  is  essential  to  real  value.  Ofttimes 
we  deceive  ourselves  by  not  looking  at  a fact  long  enough.  In  all 
weighings,  measurements,  and  testings,  nothing  short  of  exactness 
will  be  of  use. 

(A.)  The  man  who  discovers  a new  principle  does  more  good  than 
he  who  merely  improves  its  application.  The  one  opens  a gate  to  a 
multitude  of  advantages,  the  other  only  makes  use  of  some  of  them. 
In  this  way  the  discovery  of  James  Watt  did  more  for  the  world  than 
the  last  improvement  in  some  detail  of  the  steam-engine.  The  dairyer 
should  ever  be  on  the  look-out  for  more  light,  as  well  as  making  good 
use  of  what  he  already  possesses. 

(/.)  What  we  learn  we  should  teach.  We  have  had  frequent 
occasion  in  this  book  to  reflect  on  the  “ mystery  ” policy  which  has 
so  long  cursed  our  work  in  this  country.  Whether  it  covers  ignorance 
or  selfishness,  it  matters  not — it  is  altogether  bad.  The  great  advance 
which  our  American  rivals  have  made  has  been  due  in  no  small 
degree  to  their  willingness  to  help  each  other.  We  have  great  need 
of  conferences,  held  not  at  the  height  of  the  dairy  season  but  in  winter, 
when  the  many  who  are  free  from  cheese-making,  or  but  lightly 
occupied  with  butter-making,  can  gather  at  suitable  centres  to 
exchange  their  experiences.  From  the  individual  we  have  advanced 
to  the  community  and  the  nation.  The  reputation  of  every  dairy 
district  is  in  the  hands  of  its  dairyers,  and  that  of  the  nation  as  a 
whole  ; and  whatever  tends  to  the  enlightenment  and  spread  of 
knowledge  is  worthy  of  our  intelligent  and  patriotic  enthusiasm. 

Cleansing. — In  this,  as  in  all  other  departments  of  dairy  work, 
scientific  rules  should  be  followed,  not  only  that  the  work  may  be 
perfectly  done,  but  for  the  sake  of  economy  as  well. 

In  dealing  with  all  vessels  and  clothes  which  have  been  used  with 
milk,  cream,  or  whey,  they  should  be  first  washed  out  with  cold  water. 
Such  as  are  greasy  should  go  into  a bath  of  water  in  which  some 
suitable  washing  powder  has  been  dissolved  at  boiling,  thus  forming  a 
soap  out  of  the  fat  and  the  alkaline  powder,  while  for  those  which  have 
been  used  with  curd,  such  as  cover  and  pressing  cloths,  the  alkaline  solu- 
tion should  be  cool  enough  (90°  F.  will  serve)  to  avoid  the  hardening  of 
the  curd,  which  speedily  loads  them,  spoiling  the  cloths  by  making 
them  smell  Unwholesomely.  These  methods  of  first  treatment  should 
be  carried  out  in  a tub  and  never  in  the  open  boiler  or  steam-heater, 
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which  should  be  kept  for  clean  water  only.  With  cloths,  soda  tends 
to  give  a bad  colour  and  early  spoiling,  and  is  fit  only  for  cheese-hoops 
and  presses,  while  a good  borax  washing  powder  gives  the  best  results 
known  to  us. 

Brushes  of  various  shapes  for  scrubbing  are  needed  ; and  all  such 
should  be  of  the  best  bass,  which  is  more  effective  and  more  easily 
kept  clean  than  hair.  The  short  milk-can  brush 
(Fig.  218)  is  specially  useful  as  saving  the  hands 
when  boiling  water  is  being  used  ; and  one  with 
a longer  handle  is  useful  in  reaching  to  points 
where  the  hand  cannot  do  the  work  comfortably. 

All  dairy  appliances  and  aids  need  as  much 
airing  as  they  can  get : hence  our  suggested  pro- 
vision of  projecting  roofs  near  the  making-room, 
where  they  can  be  dried  in  wet  weather,  and  in  the 
case  of  wooden  objects  at  all  times  away  from  the 
sun’s  direct  heat. 

We  are  glad  to  be  able  to  close  our  account  of  the  work  of  the 
dairy  by  referring  afresh  to  this  all-important  matter  of  cleanliness. 
During  the  day,  each  appliance  should  have  been  cleaned  as  soon  as 
possible  after  passing  out  of  use,  and  when  the  work  is  done,  the 
cleansing  of  the  dairy  itself  should  be  as  thoroughly  performed  as  that 
of  its  contents.  When  the  dairyer  can  leave  it  to  its  airing,  in  a fine 
state  of  sweetness,  wherein  the  evening’s  milk  may  rest  beyond  the 
danger  of  taint,  with  everything  in  place,  and  within  his  own  breast  the 
consciousness  of  duty  done,  wisely  and  well,  he  will  deserve  success  to 
his  toils,  and  rest  after  them.  Then  he  may  remember- — and  he  should 
remember  to  encourage  himself  to  further  efforts — that  he  has  wrought 
within  this  department  of  service  in  harmony  with  that  Divine  Will 
which  calls  for  every  man’s  best,  and  also  for  the  benefit  of  humanity. 
We  wish  him — heartily  and  always — the  noble,  though  humble,  elation 
which  fills  every  whole-hearted  worker  when  he  recalls  the  truth  so 
worthily  expressed  in  the  famous  lines — 


‘ ‘ Who  sweeps  a room  as  by  God’s  law 
Makes  that  and  the  action  fine.  ” 
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ACID  in  milk,  22,  46,  60,  61. 

Acids,  4 ; organic,  16  ; produced  by  fermentation,  22. 

Agitator,  Austin’s,  162. 

Air,  composition,  2 ; humidity,  n ; rarefaction,  12  ; relation  to  animal  health,  26. 
Albumin,  in  milk,  42  ; in  fermentation,  63. 

Albuminoids,  19  ; in  milk,  35,  40,  42,  49  ; in  fermentation,  22,  61. 
Albuminose,  43. 

Alkalies,  7 ; Alkaline  hydrates,  7 ; Alkaloids,  7. 

Alumina,  8. 

Alveoli,  28. 

Ammonia,  7 ; in  cheese,  105,  259. 

Analysis,  8,  334 ; butter,  347  ; cheese,  347  ; milk,  335. 

Animals,  19  ; foods  for,  20. 

Annatto,  111  ; in  butter,  313;  in  cheese,  231. 

Antiseptics,  71  ; in  cheese,  99;  in  cream,  300;  in  butter,  303,  323. 

Atoms,  3 ; atomic  weight,  3. 

Attraction,  capillary;  cohesion;  gravitation,  13. 

Ayrshire  cows,  47. 


Babcock  test,  343. 

Balance,  chemist’s,  336. 

Barometer,  12. 

Bases,  6. 

Bath  and  oven,  evaporating,  337. 

Beastings,  49. 

Beimling  test,  345. 

Blood,  25  ; circulation  of,  28  ; fibrin  in,  26. 

Breed  defined,  and  influence  on  milk,  47. 

Breeds  compared,  47. 

Brushes,  dairy,  354. 

Butter  Accumulator,  319. 

— Extractor,  318. 

— analysis,  347  ; commercial  forms  of,  329  ; composition  of,  306  ; dairy  (farm), 
276 ; designs  for  commercial  farms,  330 ; Devonshire,  306  ; factory, 
279;  salt,  influence  in,  323  ; “Slut’s,”  167  ; yield  from  milk,  307. 

— making,  302;  brining,  324;  churning,  320;  churning  temperature,  31 1; 
churn  stopping,  321  ; churn,  ventilation  of,  321  ; colouring,  313  ; com- 
pensations difficult,  333 ; cream,  sweet  or  sour,  307 ; cream  ripening, 
307  ; cream,  management  of,  308  to  311  ; cream  preparing  for  churn, 
312  ; hardening  butter,  324  ; moulding  butter,  329  ; salting  butter,  332  ; 
washing  butter,  322  ; whey  cream  butter-making,  331;  working  butter 
225  ; by  hand,  325  ; mechanical,  326. 
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Butter,  potting,  331. 

— qualities  of,  302  ; body,  305  ; colour,  305  ; flavour,  302  ; loss  of  flavour  by 

washing,  322  ; loss  by  brining,  324  ; keeping  quality,  305  ; odour,  304  ; 
solidity,  305  ; texture,  304. 

— worker,  326  ; management  of,  327  ; points  in  construction,  328. 

Butyrin,  41,  42. 


CABBAGE,  56. 

Cakes,  feeding,  56. 

Caprin,  42. 

Caproin,  42. 

Capryllin,  42. 

Carbo-hydrates,  17. 

Carbonates,  6. 

Carbon  compounds,  5,  6 ; in  organised  bodies,  17. 

Casein,  vegetable,  19;  milk,  43;  in  fermentation,  61;  coagulation  of,  83; 

contraction,  87. 

Cattle,  management  of,  57. 

Centrifugal  force,  14. 

Cereals,  56. 

Channel  Islands  cows,  48. 

Cheddar  cheese,  117;  composition  of,  118;  native  district,  1 1 7. 

— dairy,  129;  factory,  148;  farm  dairy,  131. 

— system  of  cheese-making,  after-stirring  in  scald,  186;  breaker,  influence  of, 
181  ; positions  in  breaking,  180  ; in  scalding,  186  ; use  of,  177  ; calcula- 
tions for  management,  167;  cheese  bandaging,  21 1 ; curing,  212;  turn- 
ing,215  ; cream  risen,  how  treated,  167  ; curd,  airing,  196;  temperature, 
as  affecting,  200  ; condition  for  grinding,  200  ; condition  while  breaking, 
how  known,  179;  control  of  draughts  in  airing,  198;  cooling,  196; 
cutting,  turning,  and  re-piling,  195  ; danger  of  taints  to,  200  ; dividing, 
196;  drying,  196;  firmness,  testing  for,  174;  gathering,  191  ; influence 
of  delay  in,  194  ; grain  of,  194  ; grinding,  201  ; hooping,  207  ; oxidation 
of,  197  ; packing,  187  ; piling,  192;  preservative  treatment,  201 ; press- 
ing, 207;  ripeness,  testing  for,  195;  ripening,  194;  salting,  203. 

— system  with  milk  over-ripe,  220;  C.F.  in  excess,  224;  tainted  (non-putre- 
factive),  228  ; tainted  (putrefactive),  226. 

Cheese,  characteristics  of  good,  73  ; digestibility,  73  ; firmness,  75  ; flavour,  74  ; 
keeping  quality,  74 ; odour,  74  ; .purity,  74  ; quality,  73  ; relative  food 
value,  73 ; shape  and  size,  75 ; texture,  general  character,  when  cured,  106. 
— influence  of  soil  on,  72. 

— varieties,  character  and  composition  of,  72. 

— Cheddar,  composition  of,  118;  flavour  and  digestibility,  development  of, 
216;  influence  of  essentials  on,  217;  lime  salts,  influence  on,  21S; 
qualities  of,  1 17. 

— Cheshire,  230,  241 ; Cheshire-Stilton,  242. 

— Cream,  272. 

— Derby,  245. 

— Dorsetshire,  255. 

— Gloucestershire,  253. 

— Leicester,  252. 

— Stilton,  258. 

— Wensleydale,  256. 
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Cheese,  Wiltshire,  254. 

— bandaging,  Cheddar,  211  ; Cheshire,  238  ; Stilton,  267. 

— lift,  factory,  157  ; farm  dairy,  138. 

— making,  stages  of,  76  ; system  defined,  72. 

— shelves,  214. 

— table,  157. 

Cheshire  system  of  cheese-making,  229 ; bandaging,  238  ; Cheshire  and 
Cheddar  systems  compared,  243  ; Cheshire-Stilton  method,  242  ; 
colouring,  231;  curing,  238;  dairy,  232;  heating  (second),  239; 
native  district,  229  ; oven,  237  ; pressing,  237  ; product,  composition 
of,  230  ; quick-ripening  method,  240  ; renneting,  233  ; ripeness,  curd, 
236,  241  ; milk,  232;  salting,  236;  slow-ripening  method,  240;  whey, 
separation  of,  233. 

Chlorine  compounds,  7. 

Churn,  construction,  points  in  ; aeration  of  cream,  317  ; capacity,  working, 
318;  cleansing,  facility  in,  318;  concussion,  316;  emptying  and 
examining,  318;  filling,  318;  gathering  butter,  317;  material,  318; 
separation  of  butter,  317. 

— preparing  for  use,  320. 

Churning,  instantaneous;  Accumulator,  318  ; Extractor,  318. 

— management  in,  320;  brining,  324;  churning  temperature,  31 1 ; stopping 

churn,  321  ; ventilation,  321;  washing,  322;  water,  temperature  of,  322. 
Churns,  examples  of,  barrel,  314;  box,  313;  Diaphragm,  314;  Disc,  316; 

End-over-end,  315  ; Holstein,  313  ; Swing,  315  ; Triangular,  315. 
Chyme,  25. 

Cleansing,  353. 

Coagulation,  spontaneous,  36,  43  ; by  fermentation  only,  87  ; in  cheese- 
making, 83  ; testing  for,  94. 

Cohesion,  13. 

Colloids,  8. 

Coloration,  ferment  of,  23  ; in  milk,  66. 

Colostrum,  composition,  49  ; action  of,  50. 

Composition,  statement  of,  3. 

Compounds,  1 ; naming  of,  4. 

Cooler,  capillary,  and  management,  71. 

Cream,  and  cream  trade,  275  ; management  of,  310. 

— for  butter-making;  aeration,  31 1 ; Devonshire,  290;  stirring,  31 1 ; sweet 

versus  sour,  307  ; whey  cream,  331. 

— cheese  ; first  form,  272  ; second,  273. 

Creamery,  278. 

Creaming,  conditions  of,  34 ; Cooler  creamer,  288 ; cooling,  282  ; deep- 
setting, 287 ; Devon  system,  290 ; Jersey  and  kindred  pans,  283 ; 
mechanical  creaming,  291  ; separating  and  setting  compared,  292,  300; 
separators , 294  ; false  notions  concerning,  293  ; management  of,  298  ; 
shallow  setting  in  air,  280  ; shallow  and  deep  setting  compared,  287  ; 
Swartz  creamer,  287  ; whey  creaming,  301,  332. 

Creamometer,  37,  339. 

Creams,  mixing,  310. 

Creatin,  creatinin,  44. 

Crystalloids,  8. 

Curd,  mill,  201  ; rack,  196  ; weighing,  206. 

— firmness,  testing  for,  174. 

Curing,  cheese,  103  ; fermentation,  104  ; moisture,  108  ; temperature,  107  ; 
curing  room,  140,  161  ; Cheddar,  212;  Cheshire,  238;  Derby,  252; 
Leicester,  253  ; Stilton,  270. 
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DAIRY,  121  ; aspect,  122  ; construction,  124  ; convenience  and  economy, 
123  ; departments,  separation  of,  123  ; drainage,  126  ; floors,  125  ; 
heating  and  ventilation,  128  ; heating  for  processes,  129  ; infected,  66  ; 
lighting,  128;  location,  122;  materials,  124;  roof,  124;  suitability  to 
system,  123  ; temperature,  control  of,  124. 

— Cheddar  : factory,  149  ; coal  store,  154;  curing  room,  161  ; delivery  plat- 
form, 150  ; drainage,  159  ; engine  room,  153  ; laboratory,  152  ; making 
room,  152;  office,  15 1 ; press  room,  157;  steam  boiler,  154;  steam 
pipes,  155  ; store  room,  157  ; washing  room,  158  ; water  heating,  156  ; 
water  pipes,  155  5 ventilation,  141  ; farm  dairy , 130;  boiler  room, 
130;  butter  room,  138,  276;  curing  room,  140;  heating,  142;  by  hot 
air,  143;  by  hot  water,  145;  making  room,  131  ; water  supply,  139  ; 
whey  room,  138. 

— Cheshire,  232  ; oven,  237. 

— Derby,  250. 

— Stilton,  260. 

— creaming  and  butter-making,  276  ; creamery,  278  ; butter  factory,  279. 
Density,  13  ; of  milk,  33. 

Derbyshire  system  of  cheese-making  : compared  with  Cheddar  and  Cheshire, 
252 ; curing,  252  ; Harrison’s  apparatus,  247  ; mixing  in  of  old  curds, 
249 ; native  district,  244  ; pressing,  251  ; product,  composition  of,  245  ; 
renneting,  246  ; ripeness,  curd,  249  ; milk,  246  ; salting,  250 ; whey, 
separation  of,  246. 

Devon  cows,  48. 

Dexter-Kerry  cows,  48. 

Dialysis,  8. 

Digestion,  24. 

Dilution,  8 ; in  creaming,  290. 

Diseases,  influence  on  milk  of  infectious  animal,  71- 
Distillery  refuse,  56. 

Dorsetshire  cheesemaking  : management  and  product,  character  of,  255. 


Electricity,  12. 

Elements,  I ; description,  2. 
Envelope  theory,  31. 

Evaporation,  10. 

Expansion  and  contraction,  law  of,  9. 
Experiments,  351. 


FACTORY,  Cheddar,  149;  system,  113. 

Fan,  exhaust,  in  cheese-making,  199. 

Fat  in  milk,  estimation  of,  339. 

— globules,  comparative  sizes,  34. 

Fats,  fixed,  18;  in  milk,  41  ; melting-point,  42;  relative  proportions  in  milk, 
42  ; volatile,  19  ; in  milk,  41. 

Fermentation,  20 ; acetous,  23  ; alcoholic,  22  ; ammoniacal,  22  ; apparatus  for 
testing,  69 ; butyric  acid,  23  ; coloration,  23,  66 ; general  conditions, 
21 ; lactic  acid,  22  ; milk  liable  to,  59  > test  for,  67  ; viscous,  23. 
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Fibrin,  in  blood,  26  ; in  milk,  35- 
Filter,  8. 

Fly,  cheese,  26. 

Foods,  classified,  20  ; digestion  of,  24  ; spicing,  56. 
Forces,  balancing  initiatory,  in  cheese-making,  90. 
Fore  milk,  39. 


GASES,  i ; in  milk,  45. 

Germination  of  seed,  16. 

Glycerin,  18. 

Gloucester  cheese-making,  compared  with  Derby,  254 ; management,  254 ; 
native  district,  253;  product,  composition  of,  254;  “singles”  and 
“ doubles,”  253. 


HAY,  55  ; over-heated,  55. 

Health  of  animal,  influence  of  air  on,  26. 

Heat  and  cold,  9 ; conduction  of,  10. 

Hoops,  cheese,  Cheddar,  cylindrical,  205  ; doubles,  206. 
Hydrometer,  14. 

Hygrometer,  10;  table,  11. 


INDIVIDUALITY  of  cow,  defined  ; and  influence  on  milk,  47. 
Insect  pests,  no. 


J/'ERRY  cows,  48. 


LACTIC  acid,  22  ; ferments,  60. 

Lactin,  lactose,  44. 

Lacto-butyrometer,  340. 

Lacto-chrome,  44. 

Lactoscope,  339. 

Leicester  cheese-making,  compared  with  Cheshire  and  Derby,  253  ; manage- 
ment, 253  ; native  district,  252  ; product,  composition  of,  252. 

Lime  salts,  influence  on  milk,  44;  cheese-making,  72,  77;  Cheddar,  218; 

Cheshire,  229. 

Litmus,  67. 


Mangolds,  56. 

Meals,  feeding,  56. 
Metallic  elements,  2. 
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Milk,  ash  of,  44 ; boiling-point  of,  39 ; chemistry  of,  40 ; summary,  45 ; 
colour,  39 ; composition  of,  40 ; constituents,  sources  of,  30 ; diseases 
of,  65  ; fore,  39 ; gases  in,  45  ; infected  by  animal  diseases,  67 ; 
influence  of  food  on,  29 ; of  sewage,  65  ; oil  of,  46  ; opacity  of,  39 ; 
origin  of,  24 ; protection  and  preservation,  74  ; purchase  by  quality, 
346  ; secretion,  28  ; sleepy,  57  ; solids  as  distributed  in  cheese-making, 
76  ; strippings,  39 ; storage  in  udder,  32  ; sugar  in,  44 ; testing,  335  ; 
under  microscope,  31. 

— for  cheese-making,  aeration  of,  162;  agitation  of,  163;  cooling  of,  162; 

evening’s  supply , management  of,  Cheddar,  162;  Cheshire,  232; 
Derbyshire,  246;  Stilton,  262;  receipt  of,  162;  ripening  as  affected  by 
temperature,  166. 

— conductor,  136;  receiver,  13 1,  153. 

— separated,  management  for  sale,  300. 

— vat,  factory,  152;  oblong,  133;  round,  132. 

— yield,  in  relation  to  age  of  cow,  51  ; feeding,  53;  daily  variations,  51  ; 

different  days,  variations  between,  32;  season,  51  ; length  of  season,  53. 
Milking,  58. 

Milks,  mixing,  114. 

Mite,  cheese,  no. 

Molecules,  2. 

Moulding  cheese,  103. 

Moulds  (fungoid),  109. 

Myricin,  41,  42. 

Myristin,  41. 


Nitrates,  6. 

Nitrogen  compounds,  19. 
Non-metallic  elements,  1. 
Nuclein,  43. 


OILS,  essential,  41. 

Olein,  18  ; in  milk,  41. 

Organic  substances  in  soils,  constituents  of,  16. 
Oxidation,  26  ; of  curd,  197. 

Ozone,  13. 


PALMITIN,  18;  in  milk,  41. 

Pan-scale,  7. 

Pastures,  54. 

Pectose  substances,  18. 

Phosphates,  6. 

Plant  life,  16  ; feeding,  17. 

Preservative  treatment  of  cheese,  98. 

Press,  cheese,  lever,  single,  208;  quadruple,  210 ; spring,  210. 

Pressing  cheese,  103  ; Cheddar,  207  ; Cheshire,  237  ; Derby,  251  ; Leicester, 
253- 

Ptomaines,  22  ; in  cheese,  106. 
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Radiation,  10. 

Rape,  56. 

Rarefaction  of  air,  12. 

Reaction,  amphoteric,  46. 

Records,  dairy,  349. 

Rennet,  68  ; cost  of,  87  ; making,  84  : source  of,  83  ; testing,  85. 

Renneting  milk  for  cheese:  Cheddar,  171  ; Cheshire,  233;  Derby,  246; 

Leicester,  253  ; Stilton,  263. 

Ripeness  defined,  76. 

— curd,  Cheddar,  194;  Cheshire,  236,  241;  Derby,  249;  Leicester,  253; 
Stilton,  267. 

— milk,  for  cheese-making,  76  ; Cheddar,  168  ; Cheshire,  232  ; Derby,  246  ; 

Leicester,  253  ; Stilton,  262  ; testing  for,  98. 

— cream,  for  butter-making,  308. 

Ripening,  for  cheese,  76 ; butter,  308. 

Rocella  tinctoria,  23. 

Rocks,  15. 

Ropiness  in  milk,  65. 


SALT,  7 ; for  cheese-making,  101  ; for  cows,  56. 

Salting,  in  cheese-making,  107;  Cheddar,  213  ; Cheshire,  236  ; Derby, 
250 ; Leicester,  253  ; Stilton,  267. 

Salts,  6. 

Seed,  germination  of,  16. 

Separator,  291  ; action  on  milk,  292 : Alexandra,  297  ; compared  with 
setting  systems,  291,  300 ; construction,  points  in,  299  ; Danish, 
294  ; false  notions  concerning,  293  ; Laval,  295  ; Laval,  Alpha,  296  ; 
management  of,  298. 

Shelter  for  cattle,  57. 

Shorthorns,  47. 

Silage,  55. 

Silica,  7. 

Slipcoat,  269. 

Soils,  15  ; ferments  of,  65  ; influence  on  milk,  54  ; organic  constituents  of,  16  ; 

soluble  constituents  of,  16  ; weeds,  55. 

Solids  in  milk,  estimation  of,  335. 

Solution,  8. 

Starches,  17. 

Stearin,  18  ; in  milk,  41. 

Stilton  system  of  cheese-making,  coating,  269  ; curd,  tying,  265  ; curing,  270  ; 
dairy,  260;  draining,  265,  267;  drying,  269;  evening’s  milk,  manage- 
ment of,  262 ; extra  cream,  258 ; native  district,  257  ; product, 
character  and  composition  of,  259,  271  ; ripeness,  curd,  267  ; milk, 
262 ; salting,  267  ; slipcoat,  269  ; whey,  separation  of,  263. 

Strippings,  39. 

Sugar,  17  ; in  milk,  44  ; fermentation  of,  Go. 

Sulphates,  6. 

Suspension,  8. 

Swedish  turnips,  56. 
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TAINTS,  65  ; danger  of,  to  curd,  200;  non-putrefactive,  71  ; influence  of 
in  cheese-making,  228  ; putrefactive,  64 ; influence  of  in  cheese- 
making, 226. 

Testing,  butter,  347;  cheese,  347  ; milk,  335. 

Thermometer,  9;  for  cheese-making,  91. 

Turnips,  56. 


WARMER  for  cheese-making,  93. 

Water,  3 ; for  cows,  57  ; heating,  156. 

Weeds,  155. 

Weight,  atomic,  3. 

Welsh  cows,  48. 

Whey,  as  a ripener  in  cheese-making,  81  ; influence  of,  on  character  of 
cheese,  69. 

— cream,  331  ; management  of,  332  ; creaming  of,  301,  332. 

— separation  of  in  cheese-making,  95  ; Cheddar,  174  ; Cheshire,  233  ; Derby, 
246  ; Leicester,  253  ; Stilton,  263. 
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ADVERTISEMENTS, 
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SMALL  HIGH-SPEED  STEAM  ENGINES 


SEMI-PORTABLE  AND  STATIONARY. 


SPECIALLY  CONSTRUCTED  TO  SUIT  THE  CONDITIONS  OF 

STEAM  DAIRIES. 


PRICES  ON  APPLICATION. 

RICHARD  GARRETT  & SONS, 

LEISTON  WORKS, 

LEISTON,  SUFFOLK. 
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E.  S.  HINDLEY, 

11  Queen  Victoria  St.,  LONDON,  E.C. 
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BY  SPECIAL  APPOINTMENT 


TO  THE  QUEEN. 


A MATTER  OF  VITAL  IMPORTANCE 

TO  BUTTER  MAKERS. 

“ALPHA-LAVAL” 


CREAM  SEPARATORS. 


FURTHER  IMPROVEMENTS, 

GREAT  INCREASE  in  the  Separating  Capacity 


TH E “ ALPHA-LAVAL”  IS“““ 

IT  WILL  PRODUCE 

MORE  BUTTER  THAN  ANY  OTHER  SEPARATOR 

And  20  to  25  Per  Cent.  MORE  THAN  tile  SETTING  PANS. 

A BETTER  QUALITY  BUTTER  and  FRESH  SKIM  MILK. 

A BOY  OR  DAIRYMAID  CAN  WORK  THEM. 

THEY  TAKE  LESS  POWER,  SKIM  FASTER  AND  CLEANER  THAN  ANY  OTHER. 
All  Sizes  for  Dairies  of  3 to  80  Cows  easily  worked  by  Hand-Power. 

OVER  55,000  IN  USE. 

A Sample  Testimonial  out  of  Thousands  received: 

Mr  W.  Snowdon,  College  Farm,  Greenhead,  writes: — “I  am  very  glad 
to  say  that  the  Separator  is  giving  every  satisfaction,  and  we  make  about  10 
lbs.  of  Butter  per  week  more  than  we  did  on  the  old  system.  It  is 
quite  easy  to  turn  and  manage,  and  I am  glad  to  tell  you  that  it  is  every- 
thing’ you  represented  it  to  be/’ 

BUTTER  MAKERS,  TRY  THE 

Special 

BUTTER  COLOUR  <£>  AND  AHNATTO 

Brand 

MANUFACTURED  IN  OUR  OWN  FACTORY. 

Free  from  Sediment.  Strongest  and  Purest.  Imparts  a natural  tint  to  the 
Butter,  which  may  thus  he  made  uniform  in  colour  all  the  year  round. 


For  further  particulars  of  every  Dairy  requisite  you  are  earnestly  requested  to 
write  for  Illustrated  Catalogue,  free  on  application  to 
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ADVERTISEMENTS. 


TELEGRAMS; 

‘GILMAN,  ROCESTER," 


W.  GILMAN, 

(fjuist  ^nclorg, 

ROCESTER, 

Staffs.,  2.  189  £. 
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To  be  bad  only  genuine  from  the  STEAM  ANNATTO  WORKS  of 

R.  J.  FULLWOOD  & BLAND, 

31  BEVENDEN  STREET,  HOXTON,  LONDON; 

And  of  all  Druggists  and  Grocers  in  the  Kingdom. 
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TWO  thihcs  abe  ESSENTIAL 

TO  SUCCESS  IN  DAIRYING. 

Tine  FIRST  is  the  daily  use  of  TIPPER’S  MEDI- 
CATED POWDERS  in  the  feed  of  each  Cow. 

Tine  SECOND  is  to  keep  in  stock  TIPPER’S 
ANIMAL  MEDICINES. 


A PEW  WORDS  ABOUT  THE  “POWDERS.” 

The  name  of  Tipper  has  become  a household  word  throughout  the 
country.  Those  who  have  used  Tipper’s  Medicated  Powders  testify 
willingly  to  its  unequalled  properties  for  keeping  Milking'  Cows,  Bullocks, 
and  Calves  in  a thoroughly  healthy  condition.  DAIRYMEN 
will  also  speak  of  its  great  value  as  a Milk  Producer. 
Not  only  is  there  an  increased  yield  of  Milk,  but  the  quality  is  better,  the 
cream  thicker.  This  is  a point  to  remember. 

To  those  who  have  not  yet  tried  Tipper,  we  solicit  one  trial,  the  “Powders” 
will  do  the  rest.  They  speak  for  themselves. 

24s.  per  Canister,  costing  3^d.  per  week  per  Cow. 

The  attention  of  Dairymen  and  Farmers  is  also  directed  to  Tipper’s 
Animal  Medicines.  These  are  becoming  aswell  known  as  the  “Powders.” 


Tipper’s  CLEANSING  Drench 

A reliable  Purgative  Medicine  for 
Cattle,  &c.  Useful  in  attacks  of 
Indigestion,  Costiveness,  Yellows, 
&c.  A drench  should  be  given 
before  and  after  calving.  Will  pre- 
vent Milk  Fever,  Garget,  &c.  &c. 

12s.  per  dozen  Packets. 

TIPPER’S  BLACK  OILS, 

For  Wounds  and  Injuries  gene- 
rally, Cuts,  Stakes,  Wounds  on 
Udder.  A very  soothing  antiseptic 
dressing.  Prevents  gangrene.  Par- 
ticularly useful  at  Calving  time.  ; 

30s.  per  dozen  Bottles. 

Tipper's  ANTI-DIARRHCEA  Drink. 

The  facile  princeps  of  remedies 
for  the  cure  of  Scour,  Skit,  Diarrhoea, 
Purging.  Specially  recommended 
for  Calves  and  Lambs.  Should  be 
kept  at  hand  by  every  Stock-keeper. 

30s.  per  dozen  Bottles. 

TIPPER’S  COLIC  DRINK. 

A Restorative  that  has  few 
equals  and  no  superior.  Horse 
Keepers  and  Farmers  swear  by 
these  drinks  for  Colic  and  for  Blown 
Cattle. 

20s.  per  dozen  Bottles. 

B.  C.  TIPPER  & 

SON,  M.R.C.Y.S., 

BALSALL  HEATH,  BIRMINGHAM. 
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BOOKS  FOR  THE  DAIRYER. 


Royal  8 vo,  1,100  pages,  with  450  Illustrations.  Price  £1.  11s.  6d.  strongly 

and  handsomely  bound. 

THE  COMPLETE  GRAZIER  AND  FARMER’S  & CATTLE  BREEDER’S 

ASSISTANT:  A Compendium  of  Husbandry.  Originally  Written  by 
WILLIAM  YOU  ATT.  Thirteenth  Edition,  Entirely  Re-written,  Con- 
siderably Enlarged,  and  Brought  up  to  the  Present  Requirements  of 
Agricultural  Practice,  by  WILLIAM  FREAM,  LL.D.,  Author  of 
“ The  Elements  of  Agriculture,”  &c. 


SUMMARY  OF  CONTENTS. 


Book  I.- — On  the  Varieties,  Breeding,  Rear- 
ing, Fattening,  and  Management  of 
Cattle. 

Book  II. — On  the  Economy  and  Manage- 
ment of  the  Dairy. 

Book  III. — On  the  Breeding,  Rearing,  and 
Management  of  Horses. 

Book  IV. — On  the  Breeding,  Rearing,  and 
Fattening  of  Sheep. 

Book  V. — On  the  Breeding,  Rearing,  and 
Fattening  of  Swine. 

Book  VI. — On  the  Diseases  of  Live  Stock. 


Book  VII. — On  the  Breeding,  Rearing,  and 
Management  of  Poultry. 

Book  VIII. — On  Farm  Offices  and  Imple- 
ments of  Husbandry. 

Book  IX.— On  the  Culture  and  Manage- 
ment of  Grass  Lands. 

Book  X. — On  the  Cultivation  and  Applica- 
tion of  Grasses,  Pulse,  and  Roots. 

Book  XI. — On  Manures  and  their  Applica- 
tion to  Grass  Land  and  Crops. 

Book  XII. — Monthly  Calendars  of  Farm- 
work. 


“ Dr  Fream  is  to  be  congratulated  on  the  successful  attempt  he  has  made  to  give  us  a 
work  which  will  at  once  become  the  standard  classic  of  the  farm  practice  of  the  country.  We 
believe  that  it  will  be  found  that  it  has  no  compeer  among  the  many  works  at  present  in  exist- 
ence. . . . The  illustrations  are  admirable." — The  Times. 

“ In  point  of  exhaustiveness  and  accuracy,  the  work  will  certainly  hold  a pre-eminent  and 
unique  position  among  books  dealing  with  scientific  agricultural  practice.  It  is,  in  fact,  an 
agricultural  library  of  itself,  and  as  such  it  should  be  in  the  hands  of  every  agriculturist." — 
North  British  Agriculturist. 


Demy  8vo,  384  pages,  with  79  Plates  and  Maps.  Price  12s.  6d.  cloth. 

FARM  LIYE  STOCK  OF  GREAT  BRITAIN,  by  robert  Wallace, 

F.  L.S.,  F.  R.S.E.,  &c.,  Professor  of  Agriculture  and  Rural  Economy  in 
the  University  of  Edinburgh.  Third  Edition,  thoroughly  revised  and 
considerably  enlarged.  With  over  120  Phototypes  of  Prize  Stock. 

“The  photos  were  always  good,  but  they  have  been  very  much  improved.  Well  chosen, 
well  executed,  they  give  the  book,  as  a work  of  instruction  for  the  young,  the  greatest  help." 
— The  Field.  


Crown  8yo,  180  pages,  with  numerous  Illustrations.  Price  2s.  6d.  cloth. 


BRITISH  DAIRYING:  A Handy  Volume  on  the  Work  of  the 

Dairy-Farm.  For  the  use  of  Technical  Instruction  Classes,  Students 
in  Agricultural  Colleges,  and  Dairy-Farmers.  By  Professor  J.  P. 
SHELDON,  late  Special  Commissioner  of  the  Canadian  Government, 
Author  of  “The  Farm  and  the  Dairy,”  &c. 


“ Probably  the  best  half-crown  manual  on  dairy  work  that  has  yet  been  produced."— North 

British  Agriculturist.  . , , i 

“ One  of  the  best  and  brightest  text-books  for  the  use  of  technical  instruction  classes, 
students  in  agricultural  colleges,  and  dairy  farmers.  ...  It  is  the  soundest  little  work 
we  have  yet  seen  on  the  subject." — The  Times. 


7,  Stationers'  Hall  Court,  London,  E.  C. 

February,  1893. 


A 

CATALOGUE  OF  BOOKS 

INCLUDING  NEW  AND  STANDARD  WORKS  IN 

ENGINEERING:  CIVIL,  MECHANICAL,  AND  MARINE; 
ELECTRICITY  AND  ELECTRICAL  ENGINEERING; 

MINING,  METALLURGY;  ARCHITECTURE, 

BUILDING,  INDUSTRIAL  AND  DECORATIVE  ARTS; 
SCIENCE,  TRADE  AND  MANUFACTURES; 
AGRICULTURE,  FARMING,  GARDENING  ; 
AUCTIONEERING,  VALUING  AND  ESTATE  AGENCY; 

LAW  AND  MISCELLANEOUS. 

PUBLISHED  BY 

CROSBY  LOCKWOOD  & SON. 


MECHANICAL  ENGINEERING,  etc. 


1).  K.  Cla  rk’s  Pocket-Book  for  Mechanical  Engineers. 
THE  MECHANICAL  ENGINEER'S  POCKET-BOOK  OF 
TABLES,  FORMULA, RULES  AND  DATA.  A Handy  Book  of  Referenca 
for  Daily  Use  in  Engineering  Practice.  By  D.  Kinnear  Clark,  M.Inst.C.E., 
Author  of  “Railway  Machinery,”  “Tramways,”  &c.  Second  Edition,  Re- 
vised and  Enlarged.  Small  8vo,  700  pages,  gs.  bound  in  flexible  leather  covers, 
with  rounded  corners  and  gilt  edges.  [Just  published. 

Summary  of  Contents. 

Mathematical  Tables. — Measurement  of  Surfaces  and  Solids. — 
English  Weights  and  Measures. — French  Metric  Weights  and  Mea- 
-sures. — Foreign  Weights  and  Measures. — Moneys. — Specific  Gravity. 
Weight  and  Volume — Manufactured  Metals. — Steel  Pipes.— Bolts  and 
Nuts. — Sundry  Articles  in  Wrought  and  Cast  Iron,  Copper,  Brass,  Lead, 
Tin,  Zinc. — Strength  of  Materials. — -Strength  of  Timber. — Strength  of 
Cast  Iron.— Strength  of  Wrought  Iron.— Strength  of  Steel. — Tensile 
Strength  of  Copper,  Lead,  etc. — Resistance  of  Stones  and  other  Build- 
ing Materials. — Riveted  Joints  in  Boiler  Plates.— Boller  Shells — Wire 
Ropes  and  Hemp  Ropes. — Chains  and  Chain  Cables. — Framing. — Hardness 
of  Metals,  Alloys  and  Stones. — Labour  of  Animals. — Mechanical  Prin- 
ciples.— Gravity  and  Fall  of  Bodies. — Accelerating  and  Retarding 
Forces. — Mill  Gearing,  Shafting,  etc. — Transmission  of  Motive  Power; — 
Heat. — Combustion:  Fuels. — Warming,  Ventilation,  Cooking  Stoves.— 
Steam. — Steam  Engines  and  Boilers. — Railways — Tramways. — Steam 
Ships. — Pumping  Steam  Engines  and  Pumps. — Coal  Gas,  Gas  Engines,  etc. — 
Air  in  Motion. — Compressed  Air.— Hot  Air  Engines. — Water  Power.— 
Speed  of  Cutting  Tools. — Colours. — Electrical  Engineering. 


***  Opinions  of  the  Press. 

“ Mr.  Clark  manifest?  what  is  an  innate  perception  of  what  is  likely  to  be  useful  in  a pocket- 
book,  and  he  is  really  unrivalled  in  the  art  ot  condensation.  . . . Itij  very  difficult  to  hit  upon 
any  mechanical  engineering  subject  concerning  which  this  work  supplies  no  information,  and  tho 
excellent  index  at  the  end  adds  to  its  utility.  In  one  word,  it  is  an  exceedingly  handy  and  efficient 
tool,  possessed  of  which  the  engineer  will  be  saved  many  a wearisome  calculation,  or  yet  more 
wearisome  hunt  through  various  text-books  and  treatises,  and,  as  such,  we  can  heartily  recom- 
mend it  to  our  readers,  who  must  not  runaway  with  the  idea  thatiMr.  Clark’s  Pocket-book  is 
only  Molesworth  in  another  form.  On  the  contrary,  each  contains  what  is  not  to  be  found  in  tho 
other  ; and  Mr.  Clark  takes  more  room  and  deals  at  more  length  with  many  subjects  than  Molcs- 
worth  possibly  could.’’ — The  Engineer,  Sept  16th,  1892. 

"Just  the  kind  of  work  that  practical  men  require  to  have  near  to  them.  "—English  mechanic 
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MR.  HUTTON'S  PRACTICAL  HANDBOOKS. 


Handbook  for  Works’  Managers. 

THE  WORKS’  MANAGER'S  HANDBOOK  OF  MODERN 
RULES,  TABLES,  AND  DATA.  For  Engineers,  Millwrights,  and  Boiler 
Makers;  Tool  Makers,  Machinists,  and  Metal  Workers;  Iron  and  Brass 
Founders,  &c.  By  W.  S.  FIutton,  Civil  and  Mechanical  Engineer,  Author 
of  “The  Practical  Engineer’s  Handbook."  Fourth  Edition,  carefully  Re- 
vised and  partly  Re-written,  In  One  handsome  Volume,  medium  8vo, 
pr.ce  15s.  strongly  bound. 

The  Author  having  compiled  Rules  and  Data  for  his  own  use  in  a great 
variety  of  modern  engineering  work,  and  having  found  his  notes  extremely  useful, 
decided  to  publish  them — revised  to  date — believing  that  a practical  work,  suited  to 
the  daily  requirements  of  modern  engineers,  would  be  favourably  received. 

In  the  Fourth  Edition  the  First  Section  has  been  re-written  and  improved  by  the 
addition  of  numerous  Illustrations  and  new  matter  relating  to  Steam  Engines  and 
Gas  Engines.  The  Second  Section  has  been  enlarged  and  Illustrated,  and  through- 
out the  book  a great  number  of  emendations  and  alterations  have  been  made,  with  the 
object  of  rendering  the  book  more  generally  useful. 

***  Opinions  of  the  Press. 

"The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  workshop 
notes  for  application  in  workshop  practice,  ratl.er  than  from  the  theoretical  or  literary  aspect.  The 
volume  contains  a great  deal  of  that  kind  of  information  which  is  gained  only  by  practical  experi- 
ence, and  is  seldom  written  in  books.” — Engineer. 

“The  volume  is  an  exceedingly  useful  one,  brimful  with  engineers'  notes,  memoranda,  and 
rules,  and  well  worthy  of  being  on  every  mechanical  engineer’s  bookshelf.” — Mechanical  IVorld. 

“A  formidable  mass  of  facts  and  figures,  readily  accessible  through  an  elaborate  index 
. . . . Such  a volume  will  be  found  absolutely  necessary  as  a book  of  reference  in  all  sorts 
of  ‘works  ’ connected  with  the  metal  trades." — Ryland's  Iron  Trades  Circular. 

“ Brimful  of  useful  information,  stated  in  a concise  form,  Mr.  Hutton’s  books  have  met  a press- 
ing want  among  engineers.  The  book  must  prove  extremely  useful  to  every  practical  man 
possessing  a copy  ."—Practical  Engineer* 


New  Manual  for  Practical  Engineers. 

THE  PRACTICAL  ENGINEER’S  HAND-BOOK.  Comprising 
a Treatise  on  Modern  Engines  and  Boilers : Marine,  Locomotive  and  Sta- 
tionary. And  containing  a large  collection  of  Rules  and  Practical  Data 
relating  to  recent  Practice  in  Designing  and  Constructing  all  kinds  of 
Engines,  Boilers,  and  other  Engineering  work.  The  whole  constituting  a 
comprehensive  Key  to  the  Board  of  Trade  and  other  Examinations  for  Certi- 
ficates of  Competency  in  Modern  Mechanical  Engineering.  By  Walter  S. 
Hutton,  Civil  and  Mechanical  Engineer,  Author  of  “The  Works’  Manager’s 
Handbook  for  Engineers,”  &c.  With  upwards  of  370  Illustrations.  Fourth 
Edition,  Revised,  with  Additions.  Medium  8vo,  nearly  500  pp.,  price  18s. 
Strongly  bound. 

12s*  This  work  is  designed  as  a companion  to  the  Author's  “Works’ 
Manager’s  Hand-book.’’  It  possesses  many  new  and  original  features,  and  con- 
tains like  its  predecessor,  a quantity  of  matter  not  originally  intended  for  publica- 
tion, but  collected  by  the  author  for  his  own  use  in  the  construction  of  a great  variety 
of  Modern  Engineering  Work. 

The  information  is  given  in  a condensed  and  concise  form , and  is  illustrated  by 
upwards  of  370  Woodcuts ; and  comprises  a quantity  of  tabulated  matter  of  great 
value  to  all  engaged  in  designing,  constructing,  or  estimating  for  Engines,  Boilers, 
and  other  Engineering  Work. 


Opinions  of  the  Press. 

'■  IVe  have  kept  it  at  hand  for  several  weeks,  referring  to  it  as  occasion  arose,  and  we  have  not 
on  a single  occasion  consulted  its  pages  without  finding  the  information  of  which  we  were  in  quest." 

^//I“  A thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  learning 
something  that  will  be  of  service  to  him." — Marine  Engineer. 

..  The  author  has  collected  together  a surprising  quantity  of  rules  and  practical  data,  and  has 
shown  much  judgment  in  the  selections'he  has  made.  . . . There  is  no  doubt  that  this  book  is 
one  of  the  most  useful  of  its  kind  published,  and  will  be  a very  popular  compendium.  —Engineer. 

••  A mass  of  information,  set  clown  in  simple  language,  and  m such  a form  that  it  can  be  easily 
referred  to  at  any  time.  The  matter  is  uniformly  good  and  well  chosen  and  is  greatly  elucidated 
bv  the  illustrations.  The  book  will  find  its  way  on  to  most  engineers  shelves,  where  it  will  rank  as 
one  of  the  most  useful  books  of  reference."— Practical  Engineer. 

“ Full  of  useful  information  and  should  be  found  on  the  office  shelf  of  all  practical  engineers. 
—English  Mechanic. 
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MR.  HUTTON'S  PRACTICAL  HANDBOOKS— continued. 

Practical  Treatise  on  Modern  Steam-Boilers. 

STEAM-BOILER  CONSTRUCTION.  A Practical  Handbook 
for  Engineers,  Boiler-Makers,  and  Steam  Users.  Containing  a large  Col- 
lection of  Rules  and  Data  relating  to  Recent  Practice  in  the  Design,  Con- 
struction,  and  Working  of  all  Kinds  of  Stationary,  Locomotive,  and  Marine 
Steam-Boilers.  By  Walter  S.  Hutton,  Civil  and  Mechanical  Engineer, 
Author  of  “The  Works’  Manager’s  Handbook,”  “The  Practical  Engineer  s 
Handbook,”  &c.  With  upwards  of  300  Illustrations.  Second  Edition. 
Medium  8vo,  18s.  cloth.  U™t  published. 

IS*  This  Work  is  issued  in  continuation  of  tlic  Series  of  Handbooks  written 
by  the  Author , viz ; — “The  Works’  Managers’  Handbook’’  and  “The  Practi- 
cal Engineer’s  Handbook,”  which  are  so  highly  appreciated  by  Engineers  for 
the  practical  nature  of  their  information ; and  is  consequently  written  m the  same 
style  as  those  works. 

The  Author  believes  that  the  concentration , in  a convenient  form  for  easy  refer- 
ence, of  such  a large  amount  of  thoroughly  practical  information  on  Steam-Boilers , 
will  be  of  considerable  service  to  those  for  whom  it  is  intended,  and  he  trusts  the  book 
may  be  deemed  worthy  of  as  favourable  a reception  as  has  been  accorded  to  its 
predecessors . 

%*  Opinions  of  the  Press. 

"Every  detail,  both  in  boiler  design  and  management,  is  clearly  laid  before  the  reader.  Thei 
volume  shows  that  boiler  construction  has  been  reduced  to  the  condition  of  one  of  the  most  exact 
sciences;  and  such  a book  is  of  the  utmost  value  to  the  Jin  de  si&cle  Engineer  and  Works’ 
Manager." — Marine  Engineer. 

“ There  has  long  been  room  for  a modern  handbook  on  steam  boilers  ; there  is  not  that  room 
now,  because  Mr.  Hutton  has  filled  it.  It  is  a thoroughly  practical  book  for  tnose  who  are  occu- 
pied in  the  construction,  design,  selection,  or  use  of  boilers." — Engineer. 

" The  book  is  of  so  important  and  comprehensive  a character  that  it  must  find  its  way  into  • 
the  libraries  of  everyone  interested  in  boiler  using  or  boiler  manufacture  if  they  wish  tobe- 
tboroughly  informed.  We  strongly  recommend  the  book  for  the  intrinsic  value  of  its  contents.” — 
Machinery  Market. 

*•  The  value  of  this  book  can  hardly  be  over-estimated.  The  author’s  rules,  formulae.  &c.,  are 
all  very  fresh,  and  it  is  impossible  to  turn  to  the  work  and  not  find  what  you  want.  No  practical, 
engineer  should  be  without  it." — Colliery  Guardian. 

Hutton’s  “Modernised  Templeton.” 

THE  PRACTICAL  MECHANICS'  WORKSHOP  COM- 

PANION . Comprising  a great  variety  of  the  most  useful  Rules  and  Formulae  - 
in  Mechanical  Science,  with  numerous  Tables  of  Practical  Data  and  Calcu- 
lated Results  for  Facilitating  Mechanical  Operations.  By  William  Temple- 
ton, Author  of  “The  Engineer’s  Practical  Assistant,”  &c.  &c.  Sixteenth- 
Edition,  Revised,  Modernised,  and  considerably  Enlarged  by  Walter  S. 
Hutton,  C.E.,  Author  of  “The  Works’  Manager’s  Handbook,”  &c.  Fcap. 
8vo,  nearly  500  pp.,  with  8 Plates  and  upwards  of  250  Illustrative  Diagrams, 
6s.,  strongly  bound  for  workshop  or  pocket  wear  and  tear. 

***  Opinions  of  the  Press. 

" In  Its  modernised  form  Hutton’s  ‘ Templeton  ’ should  have  a wide  sale,  for  It  contains  much 
valuable  information  which  the  mechanic  will  often  find  of  use.  and  not  a few  tables  and  notes  which 
he  might  look  for  in  vain  in  other  works.  This  modernised  edition  will  be  appreciated  by  all  who 
have  learned  to  value  the  original  editions  of  ‘ Templeton.  ' — English  Mechanic. 

" It  has  met  with  great  success  in  the  engineering  workshop,  as  we  can  testify;  and  there  are 
a great  many  men  who,  in  a great  measure,  owe  their  rise  in  life  to  this  little  book.”— Building  News, 

“ This  familiar  text-book— well  known  to  all  mechanics  and  engineers— is  of  essential  service  to 
the  every-day  requirements  of  engineers,  millwrights,  and  the  various  trades  connected  with 
engineering  and  building.  The  new  modernised  edition  is  worth  its  weight  in  gold.” — Building 
News.  (Second  Notice.) 

“ This  well-known  and  largely- used  book  contains  information,  brought  up  to  date,  of  the 
sort  so  useful  to  the  foreman  and  draughtsman.  So  much  fresh  information  has  been  introduced 
astto  constitute  it  practically  a new  book.  It  will  be  largely  used  in  the  office  and  workshop."— 
Mechanical  IVorld. 

Templeton’s  Engineer’s  and  Machinist’s  Assistant. 
THE  ENGINEER'S,  MILLWRIGHT'S,  and  MACHINIST'S 
PRACTltAL  ASSISTANT.  A collection  of  UsefulTables,  Rules  and  Data, 
By  William  Templeton.  7th  Edition,  with  Additions.  i8ino,  2s.  6d.  cloth, 

" Occupies  a foremost  place  among  books  of  this  kind.  A more  suitable  present  to  an  appren- 
tice to  any  of  the  mechanical  trades  could  not  possibly  be  made."— Building  News. 

" A deservedly  popular  work.  It  should  be  in  the  ' drawer'  of  every  mechanic."— English 
Mechanic.  * 
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Foley’s  Ref  erence  Book  for  Mechanical  Engineers. 
THE  MECHANICAL  ENGINEER'S  REFERENCE  BOOK, 

for  Machine  and  Boiler  Construction.  In  Two  Parts.  Part  I.  General 
Engineering  Data.  Part  II.  Boiler  Construction.  With  51  Plates  and 
numerous  Illustrations.  By  Nelson  Foley,  M.I.N.A.  Folio,  £5  5s.  half- 
bound. [Just  published. 

Summary  of  Contents. 


Measures. — Circumferences  and 
Areas,  &c.,  Squares,  Cubes,  Fourth 
Powers. — Square  and  Cube  Roots. — 
Surface  of  Tubes — Reciprocals. — 
Logarithms.—  Mensuration.  — Spe- 
cific Gravities  and  Weights. — 
Work  and  Power.— Heat.— Combus- 
tion.— Expansion  and  Contraction. 
— Expansion  of  Gases. — Steam. — 
Static  Forces. — Gravitation  and 
Attraction. — Motion  and  Computa- 
tion of  Resulting  Forces. — Accu- 
mulated Work. — Centre  and  Radius 
With  DIAGRAMS  for  Valve-Gear, 
Suction  Pipes,  Screw  Propeller 


T I. 

of  Gyration. — Moment  of  Inertia. 
— Centre  of  Oscillation. — Elec- 
tricity.— Strength  of  Materials. 

— Elasticity.  — Test  Sheets  of 
Metals.—  Friction.  — Transmission 
of  Power. — Flow  of  Liquids. — Flow 
of  Gases. — Air  Pumps,  Surface  Con- 
densers, &c. — Speed  of  Steamships. 

— Propellers.  — Cutting  Tools. — 
Flanges.  — Copper  Sheets  and 
Tubes. — Screw's,  Nuts,  Bolt  Heads, 
&c. — Various  Recipes  and  Miscel- 
laneous Matter. 

Belting  and  Ropes,  Discharge  and 
>,  and  Copper  Pipes. 


PART  II. 


Treating  of,  Power  of  Boilers. — 
Useful  Ratios.— Notes  on  Con- 
struction. — Cylindrical  Boiler 
Shells.  — Circular  Furnaces.  — 
Flat  Plates.  — Stays.  — Girders. — 
Screws.  — Hydraulic  Tests.  — 


Riveting. — Boiler  Setting,  Chim- 
neys, and  Mountings. — Fuels,  &c. — 
Examples  of  Boilers  and  Speeds  of 
Steamships. — Nominal  and  Normal 
Horse  Power. 


With  DIAGRAMS  for  all  Boiler  Calculations  and  Drawings  of  many 
Varieties  of  Boilers. 


***  Opinions  of  the  Press. 

“ Th!s  appears  to  be  a work  for  which  there  should  be  a large  demand  on  the  part  of  mechani- 
cal engineers.  It  is  no  easy  matter  to  compile  a book  of  this  class,  and  the  labour  involved  is 
enormous,  particularly  when — as  the  author  informs  us — the  majority  of  the  tables  and  diagrams 
have  been  specially  prepared  for  the  work.  The  diagrams  are  exceptionally  well  executed,  and 
generally  constructed  on  the  method  adopted  in  a previous  work  by  the  same  author.  . . . The 
tables  are  very  numerous,  and  deal  with  a greater  variety  of  subjects  than  will  generally  be  found 
in  a work  of  this  kind  ; they  have  evidently  been  compiled  with  great  care  and  are  unusually  com- 
plete. All  the  information  given  appears  to  be  well  up  to  date.  . . . It  would  be  quite  impos- 
sible within  the  limits  at  our  disposal  to  even  enumerate  all  the  subjects  treated  ; it  should, 
however,  be  mentioned  that  the  author  does  not  confine  himself  to  a mere  bald  statement  of 
formulae  and  laws,  but  in  very  many  instances  shows  succinctly  how  these  are  derived.  . . . The 
latter  part  of  the  book  is  devoted  to  diagrams  relating  to  Boiler  Construction,  and  to  nineteen 
beautifully-executed  plates  of  working  drawings  of  boilers  and  their  details.  As  samples  of  how 
such  drawings  should  be  got  out,  they  may  be  cordially  recommended  to  the  attention  of  all  young, 
and  even  some  elderly,  engineers.  . . . Altogether  the  book  is  one  which  every  mechanical 

•engineer  mav,  with  advantage  to  himself  add  to  his  library." — Industries. 

“ Mr.  Foley  is  well  fitted  to  compile  such  a work.  . . . The  diagrams  are  a great  feature 
of  the  work.  . . . Regarding  the  whole  work,  it  may  be  very  fairly  stated  that  Mr.  Foley  has 

produced  a volume  which  will  undoubtedly  fulfil  the  desire  of  the  author  and  become  indispen- 
sable to  all  mechanical  engineers.” — Marine  Engineer. 

“ We  have  carefully  examined  this  work,  and  pronounce  it  a most  excellent  reference  book 
for  the  use  of  marine  engineers." — Journal  oj  American  Society  oj  A aval  Engineers. 

“ A veritable  monument  of  industry  on  the  part  of  Mr.  Fole>,  who  has  succeeded  in  producing 
■what  is  simply  invaluable  to  the  engineering  profession.” — Steamship. 


Coal  and  Speed  Tables. 

A POCKET  BOOK  OF  COAL  AND  SPEED  TABLES,  for 
Engineers  and  Steam-users.  By  Nelson  Foley,  Author  of  “ The  Mechanical 
Engineer’s  Reference  Book.”  Pocket-size,  3s-  64.  cloth. 

“These  tables  .are  designed  to  meet  the  requirements  of  every-day  use ; they  are  of  suffi- 
cient scope  for  most  practical  purposes,  and  may  be  commended  to  engineers  and  users  of 
steam.”—  Iron. 

“ This  pocket-book  well  merits  the  attention  of  the  practical  engineer.  Mr.  Foley  has  com- 
piled a very  useful  set  of  tables,  the  information  contained  in  which  is  frequently  required  by 
engineers,  coal  consumers  and  users  of  steam.” — Iron  and  Coal  Trouts  Review . 
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Steam  Engine. 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  With  a Sup- 
plement on  Gas  Engines,  and  Part  II.  on  Heat  Engines.  By  T.  M. 
Goodeve,  M.A.,  Barrister-at-Law,  Professor  of  Mechanics  at  the  Normal 
School  of  Science  and  the  Royal  School  ot  Mines;  Author  of  “The  Princi- 
ples of  Mechanics,’’  "The  Elements  of  Mechanism,”  &c.  Eleventh  Edition, 
Enlarged.  With  numerous  Illustrations.  Crown  8vo,  6s.  cloth. 


—Mining  Journal,  . , . , . . , 

“ Essentially  practical  in  its  aim.  The  manner  of  exposition  leaves  nothing  to  be  desired.  — 
Scotsman. 


Gas  Engines. 

ON  GAS-ENGINES.  Being  a Reprint,  with  some  Additions,  of 
the  Supplement  to  the  Text-book  on  the  Stea?n  Engine,  by  T.  M.  Goodeve, 
M.A.  Crown  8vo,  2 s.  6d.  cloth. 

“ Like  all  Mr.  Goodeve  s writings,  the  present  is  no  exception  In  point  of  general  excellence. 
It  is  a valuable  little  volume.” — Mechanical  World. 


Steam  Engine  Design. 

THE  STEAM  ENGINE  ; A Practical  Manual  for  Draughts- 
men, Designers,  and  Constructors.  Translated  from  the  German  of  Her- 
mann Haeder;  Revised  and  Adapted  to  English  Practice  by  H.  H.  P. 
Powles,  A.M.I.C.E.,  Translator  of  Kick’s  Treatise  on  “ Flour  Manufacture." 
Upwards  of  1,000  Diagrams.  Crown  8vo,  cloth.  [In  the  press. 

Steam  Boilers. 

A TREATISE  ON  STEAM  BOILERS:  Their  Strength,  Con- 
struction, and  Economical  Working.  By  Robert  Wilson,  C.E.  Fifth  Edition. 
i2tno,  6s.  cloth. 

"The  best  treatise  that  has  ever  been  published  on  steam  boilers." — Engineer. 

"The  author  shows  himself  perfect  master  of  his  subject,  and  we  heartily  recommend  all  em- 
ploying steam  power  to  possess  themselves  of  the  work ."—Ry land's  Iron  Trade  Circular. 

Boiler  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS;  Their  Draught-Power 

and  Stability.  With  a Chapter  on  Lightning  Conductors.  By  Robert 
Wilson,  A. I. C.E. , Author  of  “A  Treatise  on  Steam  Boilers,”  &c.  Second 
Edition.  Crown  8vo,  3 s.  6 d.  cloth. 

"Full  of  useful  information,  definite  in  statement,  and  thoroughly  practical  in  treatment.  ’ — 
The  Local  Government  Chronicle. 

" A valuable  contribution  to  the  literature  of  scientific  building.” — The  Builder. 

Boiler  Ma/cing. 

THE  BOILER-MAKER'S  READY  RECKONER  &•  ASSIST- 
ANT.  With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use 
of  Platers,  Smiths  and  Riveters.  By  John  Courtney,  Edited  by  D.  K.  Clark, 
M.I.C.E.  Third  Edition,  480  pp.,  with  i4oIllusts.  Fcap.  8vo,  ys.  half-bound. 
" A most  useful  work.  . . . No  workman  o:  apprentice  should  be  without  this  book.” — 
Iron  Trade  Circular. 

" Boiler-makers  will  readily  recognise  the  value  of  this  volume.  . . . The  tables  are  clearly 
printed,  and  so  arranged  that  they  can  be  referred  to  with  the  greatest  facility,  so  that  it  cannot  be 
doubted  that  they  wifi  be  generally  appreciated  and  much  used."—  Mining  Journal. 

Locomotive  Engine  Development. 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT. 
A Popular  Treatise  on  the  Gradual  Improvements  made  in  Railway  Eugines 
between  the  Years  1803  and  1892.  By  Clement  E.  Stretton,  C.E.,  Author 
of  “ Safe  Railway  Working,”  &c.  Second  Edition,  Revised  and  much 
Enlarged.  With  94  Illustrations.  Crown  8vo,  3s.  6d.  cloth.  {Just  published. 
" Students  of  railway  history  and  all  who  arc  interested  in  the  evolution  of  the  modern  locomo- 
tive will  find  much  to  attract  and  entertain  in  this  volume."—  The  Timer. 

" The  volume  cannot  fail  to  be  popular,  because  it  contains,  in  a condensed  and  readable 
form,  a great  deal  of  just  the  kind  of  information  that  multitudes  of  people  want."— Engineer. 

" The  author  of  this  work  is  well  known  to  the  railway  world  as  one  who  has  long  taken  a 
great  interest  in  everything  pertaining  thereto.  No  one  probably  has  a better  knowledge  of  the 
history  and  development  of  the  locomotive.  It  is  with  much  pleasure  we  welcome  the  volume 
efore  us  ...  . which,  taken  as  a whole,  is  most  interesting,  and  should  be  of  value  to  all 
onnccted  with  the  railway  system  of  this  country,  as  a book  of  reference."— Nature. 
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Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE-BRIGADES.  With 

a History  of  Fire-Engines,  their  Construction,  Use,  and  Management;  Re- 
marks on  Fire-Proof  Buildings,  and  the  Preservation  of  Life  from  Fire  ; 
Statistics  of  the  Fire  Appliances  in  English  Towns  ; Foreign  Fire  Systems  ; 
Hints  on  F'ire- Brigades,  &c.  &c.  By  Charles  F.  T.  Young,  C.E.  With 
numerous  Illustrations.  544  pp.,  demy  8vo,  £1  4s.  cloth. 

To  such  of  our  readers  as  are  interested  in  the  subject  of  fires  and  fire  apparatus,  we  can  most 
heartily  commend  this  book.  It  is  really  the  only  English  work  we  now  have  upon  the  subject’' — 
Engineering. 

Estimating  for  Engineering  Work,  &c. 

ENGINEERING  ESTIMATES,  COSTS  AND  ACCOUNTS: 
A Guide  to  Commercial  Engineering.  With  numerous  Examples  of  Esti- 
mates and  Costs  of  Millwright  Work,  Miscellaneous  Productions.  Steam 
Engines  and  Steam  Boilers;  and  a Section  on  the  Preparation  of  Costs 
Accounts.  By  A General  Manager.  Demy  8vo,  12s.  cloth. 

“ This  is  an  excellent  and  very  useful  book,  covering'  subject-matter  in  constant  requisition  in 
every  factory  and  workshop.  . . . The  book  is  invaluable,  not  only  to  the  young  engineer,  but 
also  to  the  estimate  department  of  every  works.” — Builder. 

“ We  accord  the  work  unqualified  praise.  The  information  is  given  in  a plain,  straightforward 
manner,  and  bears  throughout  evidence  of  the  intimate  practical  acquaintance  of  the  author  with 
every  phase  of  commercial  engineering  ” — Mechanical  IVorld . 


Engineering  Construction. 

PATTERN-MAKING  : A Practical  Treatise,  embracing  the  Main 
Types  of  Engineering  Construction,  and  including  Gearing,  both  Hand  and 
Machine  made,  Engine  Work,  Sheaves  and  Pulleys,  Pipes  and  Columns, 
Screws,  Machine  Parts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in 
Loam  and  Greensand,  &c.,  together  with  the  methods  of  Estimating  the 
weight  of  Castings;  to  which  is  added  an  Appendix  of  Tables  for  Workshop 
Reference.  By  a Foreman  Pattern  Maker.  With  upwards  of  370 
Illustrations.  Crown  8vo,  7s.  6 d.  cloth. 

“A  well-written  technical  guide,  evidently  written  by  a man  who  understands  and  has  prac- 
tised what  he  has  written  about.  . . . We  cordially  recommend  it  to  engineering  students,  young 
j oumeymen.  and  others  desirous  of  being  initiated  into  the  mysteries  of  pattern-making.” — Builder. 

"More  than  370  illustrations  help  to  explain  the  text,  which  is,  however,  always  clear  and  ex- 
plicit, thus  rendering  the  work  an  excellent  vadt  ?necum  for  the  apprentice  who  desires  to  become 
master  of  his  trade.” — English  Mechanic. 

Dictionary  of  Mechanical  Engineering  Terms. 
LOCKWOOD’S  DICTIONARY  OF  TERMS  USED  IN  THE 
PRACTICE  OF  MECHANICAL  ENGINEERING,  embracing  those  current 
in  the  Drawing  Office,  Pattern  Shop,  Foundry,  Fitting,  Turning,  Smith’s  and 
Boiler  Shops,  &c.  &c.  Comprising  upwards  of  6,000  Definitions.  Edited  by 
A Foreman  Pattern-Maker,  Author  of  “ Pattern  Making.”  Second 
Edition,  Revised,  with  Additions.  Crown  8vo,  ys.  6 d.  cloth.  [Jttsf  published. 
"Just  the  sort  of  handy  dictionary  required  by  the  various  trades  engaged  in  mechanical  en- 
gineering. The  practical  engineering  pupil  will  find  the  book  of  great  value  in  his  studies,  and 
every  foreman  engineer  and  mechanic  should  have  a copy.” — Building  News. 

“One  of  the  most  useful  books  which  can  be  presented  to  a mechanic  or  student.”  English 
Mechanic. 

“ Not  merely  a dictionary,  but,  to  a certain  extent,  also  a most  valuable  guide.  It  strikes  us  as 
a haDpy  idea  to  combine  with  a definition  of  the  phrase  useful  information  on  the  subject  of  which 
it  treats.” — Machinery  Market. 


Mill  Gearing. 

TOOTHED  GEARING  : A Practical  Handbook  for  Offices  and 
Workshops.  By  A Foreman  Pattern  Maker,  Author  of  “ Pattern  Making,” 
“ Lockwood's  Dictionary  of  Mechanical  Engineering  Terms,”  &c.  With 
184  Illustrations.  Crown  8vo,  6s.  cloth.  published. 


Summary  of  Contents. 


Chap.  I.  Principles.— II.  Forma- 
tion of  Tooth  Profiles. — III.  Pro- 
portions of  Teeth. — IV.  Methods 
of  Making  Tooth  Forms. — V.  Invo- 
lute Teeth. — VI.  Some  Special 
Tooth  Forms. — VII.  BevelWheels. 

— VIII.  Screw  Gears— IX.  Worm 
Gears.— X.  Helical  Wheels. — XI. 

" We  must  give  the  book  our  unqualified  praise  for  its  thoroughness  of  treatment,  and  we  can 
heartily  recommend  it  to  all  interested  as  the  most  practical  book  on  the  subject  yet  written.”— 
Mechanical  IVorld. 


Skew  Bevels. — XII.  Variable  and 
other  Gears. — XIII.  Diametrical 
Pitch. — XIV.  The  Odontograph. — 
XV.  Pattern  Gears. — XVI.  Machine 
Moulding  Gears. — XVII.  Machine 
Cut  Gears. — XVIII.  Proportion  of 
Wheels. 
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Stone-working  Machinery. 

STONE-WORKING  MACHINERY,  and  the  Rapid,  and  Economi- 
cal Conversion  of  Stone.  With  Hints  on  the  Arrangement  and  Management 
of  Stone  Works.  By  M.  Powis  Bale,  M.I.M.E.  With  Illusts.  Crown  bvo.  ys. 
••The  book  should  be  in  the  hands  of  every  mason  or  student  of  stone-work."—  Colliery 
Guardian.  , „ 

“ A capital  handbook  for  all  who  manipulate  stone  for  building  or  ornamental  purposes.  — 
Machinery  Market. 

Pump  Construction  and  Management. 

PUMPS  AND  PUMPING  : A Handbook  for  Pump  Users.  Being 
Notes  on  Selection,  Construction  and  Management.  By  M.  Powis  Bale. 
M.I.M.E.,  Author  of  “ Woodworking  Machinery,”  “ Saw  Mills,”  & c.  Second 
Edition,  Revised.  Crown  8vo,  2s.  6 d.  cloth.  published, 

••The  matter  is  set  forth  as  concisely  as  possible.  In  fact,  condensation  rather  than  diffuseness 
has  been  the  author’s  aim  throughout ; yet  he  does  not  seem  to  have  omitted  anything  likely  to  be 
of  use.” — Journal  of  Gas  Lighting. 

“ Thoroughly  practical  and  simply  aiul  clearly  written." — Glasgow  Herald. 

Alilling  Alachinery,  etc. 

MILLING  MACHINES  AND  PROCESSES : A Practical 
Treatise  on  Shaping  Metals  by  Rotary  Cutters,  including  Information  on 
Making  and  Grinding  the  Cutters.  By  Paul  N.  Hasluck,  Author  of  “ Lathe- 
work."  “ Handybooks  for  Handicrafts,”  &c.  With  upwards  of  300  Engrav- 
ings, including  numerous  Drawings  by  the  Author.  Large  crown  8vo,  332 
pages,  12s.  6 d.  cloth. 

“ A new  departure  in  engineering  literature.  . . . We  can  recommend  this  work  to  all 
interested  in  milling  machines  ; it  is  what  it  professes  to  be— a practical  treatise."— Engineer. 

“ A capital  and  reliable  book,  which  will  no  doubt  be  of  considerable  service,  Doth  to  those 
who  are  already  acquainted  with  the  process  as  well  as  to  those  who  contemplate  its  adoption." — 

Industries. 

Turning. 

LATHE-WORK  : A Practical  Treatise  on  the  Tools,  Appliances, 
and  Processes  employed  in  the  Art  of  Turning.  By  Paul  N.  Hasluck. 
Fourth  Edition,  Revised  and  Enlarged.  Cr.  8vo,  5s.  cloth. 

“ Written  by  a man  who  knows,  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 
to  do  it,  and  how  to  convey  his  knowledge  to  others.  To  all  turners  this  book  would  be  valuable.” 
— Engineering . 

“ We  can  safely  recommend  the  work  to  young  engineers.  To  the  amateur  It  will  simply  be 
evaluable.  To  the  student  it  will  convey  a great  deal  of  useful  information.” — Engineer. 

Screw-Cutting. 

SCREW  THREADS  : And  Methods  of  Producing  Them.  With 
Numerous  Tables,  and  complete  directions  for  using  Screw-Cutting  Lathes. 
By  Paul  N.  Hasluck,  Author  of  “ Lathe-Work,"  &c.  With  Seventy-four 
Illustrations.  Third  Edition,  Revised  and  Enlarged.  Waistcoat-pocket  size, 
is.  6d.  cloth. 

" Full  of  useful  information,  hints  and  practical  criticism.  Taps,  dies  and  screwing-tools  gene- 
rally are  illustrated  and  their  action  described.”—  Mechanical  IVorld.Q 

**  It  is  a complete  compendium  of  all  the  details  of  the  screw  cutting  lathe  ; in  fact  a rnultujn 
in  parvo  on  all  the  subjects  it  treats  upon." — Carpenter  and  Builder. 

Smith’s  Tables  for  Mechanics,  etc. 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS, 
FOR  MECHANICS,  ENGINEERS.  ARCHITECTS,  BUILDERS,  etc. 
Selected  and  Arranged  by  Francis  Smith.  Fifth  Edition,  thoroughly  Revised 
and  Enlarged,  with  a New  Section  of  Electrical  Tables,  Formulae,  and 
Memoranda.  Waistcoat-pocket  size,  is.  6 d.  limp  leather. 

" It  would,  perhaps,  be  as  difficult  to  make  a small  pocket-book  selection  of  notes  and  formulae 
to  suit  ALL  engineers  as  it  would  be  to  make  a universal  medicine : but  Mr.  Smith’s  waistcoat- 
pocket  collection  may  be  looked  upon  as  a successful  attempt." — Engineer. 

“ The  best  example  we  have  ever  seen  of  270  pages  of  useful  matter  packed  into  the  dimen- 
sions of  a card-case.’’— Building  News.  "A  veritable  pocket  treasury  of  knowledge." — Iron. 


French-English  Glossary  for  Engineers,  etc. 

A POCKET  GLOSSARY  of  TECHNICAL  TERMS:  ENGLISH- 
FRENCH,  FRENCH-ENGLISH  ; with  Tables  suitable  for  the  Architectural, 
Engineering,  Manufacturing  and  Nautical  Professions.  By  John  James 
Fletcher,  Engineer  and  Surveyor.  Second  Edition,  Revised  and  Enlarged, 
200  pp.  Waistcoat-pocket  size,  is.  6 d,  limp  leather. 

“ It  U a very  great  advantage  for  readers  and  correspondents  in  France  and  England  »o  have 
«o  large  a number  of  the  words  relating  to  engineering  and  manufacturers  collected  in  a lilipjtian 
volume.  The  little  book  will  be  useful  both  to  students  and  travellers."—^  related. 

...  “ Tl!"  glossary  of  terms  is  very  complete,  and  many  of  the  tables  are  new  and  well  arranged. 
We  cordially  commend  the  book.'  —Mechanical  tVorld. 
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Portable  Engines. 

THE  PORTABLE  ENGINE;  ITS  CONSTRUCTION  AND 

MANAGEMENT.  A Practical  Manual  for  Owners  and  Users  of  Steam 
Engines  generally.  By  William  Dyson  Wansbrough.  With  90  Illustra- 
tions. Crown  8vo,  3s.  6 d.  cloth. 

“ This  is  a work  of  value  to  those  who  use  steam  machinery.  . . . Should  be  read  by  every- 
one who  has, a steam  engine,  on  a farm  or  elsewhere.” — Mark  Lane  Express. 

“ We  cordially  commend  this  work  to  buyers  and  owners  of  steam  engines,  and  to  those  who 
have  to  do  with  their  construction  or  use.” — Timber  Trades  Journal. 

“ Such  a general  knowledge  of  the  steam  engine  as  Mr.  Wansbrough  furnishes  to  the  reader 
should  be  acquired  by  all  intelligent  owners  and  others  who  use  the  steam  engine.” — Building News. 

“ An  excellent  text-book  of  this  useful  form  of  engine,  which  describes  with  all  necessary 
minuteness  the  details  of  the  various  devices.  . . * The  Hints  to  Purchasers  ’ contain  a good  deal  of 
conunonsense  and  practical  wisdom." — English  Mechanic . 

Iron  and  Steel. 

“ IRON  AND  STEEL  ” : A Work  for  the  Forge , Foundry , Factory, 

and  Office.  Containing  ready,  useful,  and  trustworthy  Information  for  Iron- 
masters and  their  Stock-taktrs ; Managers  of  Bar,  Rail,  Plate,  and  Sheer 
Rolling  Mills;  Iron  and  Metal  Founders;  Iron  Ship  and  Bridge  Builders  ; 
Mechanical,  Mining,  and  Consulting  Engineers ; Architects,  Contractors, 
Builders,  and  Professional  Draughtsmen.  By  Charles  Hoare,  Author  of 
“The  Slide  Rule,’’  &c.  Eighth  Edition,  Revised  throughout  and  Considerably- 
Enlarged.  32mo,  6s.  leather. 

“ For  comprehensiveness  the  book  has  not  its  equal.” — Iron.  % 

“ One  of  the  best  of  the  pocket  books.” — English  Mechanic . 

" We  cordially  recommend  this  book  to  those  engaged  in  considering  the  details  of  all  kinds  o i' 
iron  and  steel  works.” — Naval  Scie?ice. 

Elementary  Mechanics. 

CONDENSED  MECHANICS.  A Selection  of  Formulae,  Rules, 
Tables,  and  Data  for  the  Use  of  Engineering  Students,  Science  Classes,  &c. 
In  Accordance  with  the  Requirements  of  the  Science  and  Art  Department. 
By  W.  G.  Crawford  Hughes,  A.M.I.C.E.  Crown  8vo,  2s.  6 d.  cloth. 

" The  book  is  well  fitted  for  those  who  are  either  confronted  with  practical  problems  in  their 
work,  or  are  preparing  for  examination  and  wish  to  refresh  their  knowledge  by  going  through  their 
formulai  again.” — Marine  Engineer.  ...  , , „ 

“ It  is  well  arranged,  and  well  adapted  to  meet  the  wants  of  those  for  whom  it  is  intended.'  — 
Railway  News. 

Steam. 

THE  SAFE  USE  OF  STEAM.  Containing  Rules  for  Un- 

professional Steam-users.  By  an  Engineer.  Sixth  Edition.  Sewed,  6 d. 

" If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would  become- 
sensations  by  their  rarity .” — English  Mechanic . 

Warming. 

HEATING  BY  HOT  WATER;  with  Information  and  Sug- 
gestions on  the  best  Methods  of  Heating  Public,  Private  and  Horticultural 
Buildings.  By  Walter  Jones.  With  upwards  of  50  Illustrations.  Crown 
8vo,  25.  cloth. 

*■"  " We  confidently  recommend  all  interested  in  heating  by  hot  water  to  secure  a copy  of  this, 

valuable  little  treatise.” — The  Plumber  and  Decorator. 
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THE  POPULAR  WORKS  OF  MICHAEL  REYNOLDS 


("The  Engine  Driver’s  Friend"), 

Locomotive- Engine  Driving. 

LOCOMOTIVE-ENGINE  DRIVING:  A Practical  Manual  for 
Engineers  in  charge  of  Locomotive  Engines.  By  Michael  Reynolds,  Member 
of  the  Society  of  Engineers,  formerly  Locomotive  Inspector  L.  B.  and  S.  C.  R. 
Eighth  Edition.  Including  a Key  to  the  Locomotive  Engine.  With  Ulus- 
trations  and  Portrait  of  Author.  Crown  8vo,  4s.  6 d.  cloth. 

"Mr.  Reynolds  has  supplied  a want,  and  has  supplied  it  well.  We  can  confidently  recommend 
the  book,  not  only  to  the  practical  driver,  but  to  everyone  who  takes  an  interest  in  the  performance 
of  locomotive  engines.” — The  Engineer. 

" Mr.  Reynolds  has  opened  a new  chapter  In  the  literature  of  the  day.  This  admirable  practical 
treatise,  of  the  practical  utility  of  which  we  have  to  speak  in  terms  of  warm  commendation." — 
Athenaum. 

“ Evidently  the  work  of  one  who  knows  his  subject  thoroughly.”—  Railway  Service  Gazette. 

" Were  the  cautions  and  rules  given  in  the  book  to  become  part  of  the  every-day  working  of 
our  engine-drivers,  we  might  have  fewer  distressing  accidents  to  deplore.” — Scotsynan. 

Stationary  Engine  Driving. 

STATIONARY  ENGINE  DRIVING  : A Practical  Manual  for 
Engineers  in  charge  of  Stationary  Engines.  By  Michael  Reynolds.  Fourth 
Edition,  Enlarged.  With  Plates  and  Woodcuts.  Crown  8vo,  4s.  6 d.  cloth. 
"The  author  is  thoroughly  acquainted  with  his  subjects,  and  his  advice  on  the  various  points 
treated  is  clear  and  practical.  . . . He  has  produced  a manual  which  is  an  exceedingly  usefuL 

one  for  the  class  for  whom  it  is  specially  intended." — Engineering. 

"Our  author  leaves  no  stone  unturned.  He  is  determined  that  his  readers  shall  not  only  know 
something  about  the  stationary  engine,  but  all  about  it." — Engineer. 

"An  engineman  who  has  mastered  the  contents  of  Mr.Reynolds’sbook  will  require  but  little  actual 
experience  with  boilers  and  engines  before  he  can  be  trusted  to  look  after  them.” — EyiglishMechayiic. 

The  Engineer , Fireman,  and  Engine-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN,  and 

ENGINE-BOY.  Comprising  a Historical  Notice  of  the  Pioneer  Locomotive 
Engines  and  their  Inventors.  By  Michael  Reynolds.  With  numerous  Illus- 
trations and  a fine  Portrait  of  George  Stephenson.  Crown  8vo,  4s.  6 d.  cloth. 
" From  the  technical  knowledge  of  the  author  it  will  appeal  to  the  railway  man  of  to-day  more 
forcibly  than  anything  written  by  Ur.  Smiles.  . . . The  volume  contains  information  of  a tech- 

nical kind,  and  facts  that  every  driver  should  be  familiar  with.” — Eytglish  Mechanic. 

"We  should  be  glad  to  see  this  book  in  the  possession  of  everyone  in  the  kingdom  who  has 
ever  laid,  or  is  to  lay,  hands  on  a locomotive  engine.” — Iron , 

Continuous  Railivay  Brakes. 

CONTINUOUS  RAILWAY  BRAKES : A Practical  Treatise  on 
the  several  Systems  in  Use  in  the  United  Kingdom ; their  Construction  and 
Performance.  With  copious  Illustrations  and  numerous  Tables.  By  Michael 
Reynolds.  Large  crown  8vo,  gs.  cloth. 

" A popular  explanation  of  the  different  brakes.  It  will  be  of  great  assistance  In  forming  public 
opinion,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  brake.”— Eytglish 
Mechanic. 

" Written  with  sufficient  technical  detail  to  enable  the  principle  and  relative  connection  of  the 
various  parts  of  each  particular  brake  to  be  readily  grasped.” — Mechanical  World . 

Engine-Driving  Life. 


ENGINE-DRIVING  LIFE  : Stirring  Adventures  and  Incidents 
in  the  Lives  of  Locomotive-Engine  Drivers.  By  Michahl  Reynolds.  Second 
Edition,  with  Additional  Chapters.  Crown  8vo,  2 s.  cloth. 

“From  first  to  last  perfectly  fascinating.  Wilkie  Collins's  most  thrilling  conceptions  are  thrown 
1 nto  the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page."— North  British  Mail 
" Anyone  who  wishes  to  get  a real  insight  into  railway  life  cannot  do  better  than  read  ‘ Engine- 
Driving  Life'  for  himself ; and  if  he  once  take  it  up  he  will  find  that  the  author's  enthusiasm  and  real 
love  of  the  engine-driving  profession  will  carry  him  on  till  he  has  read  every  page. Saturday  Review . 

Pocket  Companion  for  Enginemen. 


THE  ENGINEMAN’S  POCKET  COMPANION  AND  PRAC- 
TICAL  EDUCATOR  FOR  ENGINEMEN,  BOILER  ATTENDANTS, 
AND  MECHANICS.  By  Michael  Reynolds.  With  Forty-five  Illustra- 
tions and  numerous  Diagrams.  Second  Edition,  Revised.  Royal  i8mo,  as.  bd 
strongly  bound  for  pocket  wear. 

"This  admirable  work  is  well  suited  to  accomplish  its  object,  being  the  honest  workmanship  of 
a competent  engineer.  — Glasgoiu  Herald. 

•'  A most  meritorious  work,  giving  in  a succinct  and  practical  farm  all  the  information  an  engine- 
nundcr  desirous  °f  mastering  the  scientific  principles  of  his  daily  calling  would  require."—  The 


" A boon  to  those  who  are  striving  to  become  efficient  mechanics. '—Daily  Chronicle. 


IO 


CROSBY  LOCKWOOD  & SON'S  CATALOGUE. 


CIVIL  ENGINEERING,  SURVEYING,  etc. 


MR.  HUMBER'S  VALUABLE  ENGINEERING  BOOKS. 

The  Water  Supply  of  Cities  and  Towns. 

A COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
OF  CITIES  AND  TOWNS.  By  William  Humber,  A-M.Inst.C.E.,  and 
M.  Inst.  M.E.,  Author  of  “Cast  and  Wrought  Iron  Bridge  Construction,” 
&c.  &c.  Illustrated  with  50  Double  Plates,  1 Single  Plate,  Coloured 
Frontispiece,  and  upwards  of  250  Woodcuts,  and  containing  400  pages  of 
Text.  Imp.  4to,  £6  6s.  elegantly  and  substantially  half-bound  in  morocco. 

List  of  Contents. 


I.  Historical  Sketch  of  some  of  the  means 
that  have  been  adopted  for  the  Supply  of  Water 
to  Cities  and  Towns. — II.  Water  and  the  Fo- 
reign Matter  usually  associated  with  it.— III. 

Rainfall  and  Evaporation. — IV.  Springs  and 
the  water-bearing  formations  of  various  dis- 
tricts.— V.  Measurement  and  Estimation  of  the 
flow  of  Water — VI.  On  the  Selection  of  the 
Source  of  Supply. — VII.  Wells. — VIII.  Reser- 
voirs.— IX.  The  Purification  of  Water. — X. 

Pumps.  — XI.  Pumping  Machinery.  — XII. 

“The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  In  English,  or 
in  any  other  language.  . . . Mr.  Humber's  work  is  characterised  almost  throughout  by  an 
exhaustiveness  much  more  distinctive  of  French  and  German  than  of  English  technical  treatises.” 
— Engineer. 

“We  can  congratulate  Mr.  Humber  on  having  been  able  to  give  so  large  an  amount  of  infor- 
mation on  a subject  so  important  as  the  water  supply  of  cities  and  towns.  The  plates,  fiity  in 
number,  are  mostly  drawings  of  executed  works,  and  alone  would  have  commanded  the  attention 
of  every  engineer  whose  practice  may  lie  in  this  branch  of  the  profession.” — Builder. 


Conduits.— XIII.  Distribution  of  Water. — XIV. 
Meters,  Service  Pipes,  and  House  Fittings.— 

XV.  The  Law  and  Economy  of  Water  Works. 

XVI.  Constant  and  Intermittent  Supply. — 

XVII.  Description  of  Plates. — Appendices, 
giving  Tables  of  Rates  of  Supply,  Velocities, 
&c.  &c.t  together  with  Specifications  of  several 
Works  illustrated,  among  which  will  be  found: 
Aberdeen,  Bideford,  Canterbury,  Dundee, 
Halifax,  Lambeth,  Rotherham,  Du 
others. 


1 , uuuuce, 

Dublin,  and 


Cast  and  Wrought  Iron  Bridge  Construction. 

A COMPLETE  AND  PRACTICAL  TREATISE  ON  CAST 
AND  WROUGHT  IRON  BRIDGE  CONSTRUCTION,  including  Iron 
Foundations.  In  Three  Parts — Theoretical,  Practical,  and  Descriptive.  By 
William  Humber,  A.M.Inst.C.E.,  and  M.Inst.M.E.  Third  Edition,  Re- 
vised and  much  improved,  with  115  Double  Plates  (20  ot  which  now  first 
appear  in  this  edition),  and  numerous  Additions  to  the  Text.  In  Two  Vols., 
imp.  4to,  £6  16 s.  6 d.  half-bound  in  morocco. 

“A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In  addition  to 
elevations,  plans  and  sections,  large  scale  details  are  given  which  very  much  enhance  the  instruc- 
tive worth  of  those  illustrations.” — Civil  Engineer  and  Architect's  Journal. 

"Mr.  Humber's  stately  volumes,  lately  issued— in  which  the  most  important  bridges  erected 
during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W.  Cubitt,  Mr.  Hawk- 
shaw,  Mr.  Page,  Mr.  Fowler.  Mr.  Hemans,  and  others  among  our  most  eminent  engineers,  are 
drawn  and  specified  in  great  detail.” — Engineer. 

Strains,  Calculation  of. 

A HANDY  BOOK  FOR  THE  CALCULATION  OF  STRAINS 
IN  GIRDERS  A ND  SIMILA  RSTR UCTURES,  A ND  THEIR  STRENG TH. 
Consisting  of  Formulae  and  Corresponding  Diagrams,  with  numerous  details 
for  Practical  Application,  &c.  By  William  Humber,  A-M.Inst.C.E.,  &c. 
Fifth  Edition.  Crown  8vo,  nearly  100  Woodcuts  and  3 Plates, '7s.  6d.  cloth. 
“ The  formulas  are  neatly  expressed,  and  the  diagrams  good.*’— Athenaum. 

“ We  heartily  commend  this  really  handy  book  to  our  engineer  and  architect  readers.”— Eng- 
lish Mechanic. 

Barlow’s  Strength  of  Mater  icds,  enlarged  by  Humber. 
A TREATISE  ON  THE  STRENGTH  OF  MATERIALS; 
with  Rules  for  Application  in  Architecture,  the  Construction  of  Suspension 
Bridges,  Railways,  &c.  By  Peter  Barlow,  F.R.S.  A New  Edition,  revised 
by  bis  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S. ; to  which 
are  added,  Experiments  by  Hodgkinson,  Fairbairn,  and  Kirkaldy  ; and 
Formulas  for  Calculating  Girders,  &c.  Arranged  and  Edited  by  Wm.  Humber, 
A-M.Inst.C.E.  Demy  8vo,  400  pp.,  with  19  large  Plates  and  numerous  Wood- 
cuts,  18s.  cloth. 

<■  Valuable  alike  to  the  student,  tyro,  and  the  experienced  practitioner.  It  will  always  rank  in 
future,  as  it  has  hitherto  done,  as  the  standard  treatise  on  that  particular  subject."— Engineer. 

" There  is  no  greater  authority  than  Barlow." — Building  News. 

••  As  a scientific  work  of  the  first  class,  it  deserves  a foremost  place  on  the  bookshelves  of  every 
civil  engineer  and  practical  mechanic."— English  Mechanic. 
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MR.  HUMBER'S  GREAT  WORK  ON  MODERN  ENGINEERING. 

Complete  in  Four  Volumes,  imperial  4to,  price  £12  12s.,  half-morocco.  Each 
Volume  sold  separately  as  follows : — 

A RECORD  OF  THE  PROGRESS  OF  MODERN  ENGINEER- 
ING. First  Series.  Comprising  Civil,  Mechanical,  Marine,  Hydraulic, 
Railway,  Bridge,  and  other  Engineering  Works,  &c.  By  William  Humber, 
A-M.Inst.C.E.,  &c.  Imp.  4to,  with  36  Double  Plates,  drawn  to  a large  scale, 
Photographic  Portrait  of  John  Hawkshaw,  C.E.,  F.R.S.,  &c.,  and  copious 
descriptive  Letterpress,  Specifications,  &c.,  £3  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams 

Victoria  Station  and  Roof,  L.  B.  & S.  C.  R. 

(8  plates);  Southport  Pier  (2  plates);  Victoria 
Station  and  Roof,  L.  C.  & D.  and  G.  W.  R.  (6 
plates);  Roof  of Cremome  Music  Hall;  Bridge 
over  G.  N.  Railway ; Roof  of  Station,  Dutch 
Rhenish  Rail  (2  plates) ; Bridge  over  the 

" Handsomely  lithographed  and  printed.  It  will  find  favour  with  many  who  desire  to  preserve 
In  a permanent  form  copies  of  the  plans  and  specifications  prepared  for  the  guidance  of  the  con- 
tractors for  many  important  engineering  works." — Engineer. 


Thames,  West  London  Extension  Railway  (5 
plates) ; Armour  Plates : Suspension  Bridge, 
Thames  (4  plates) ; The  Allen  Engine  ; Su*- 
pension  Bridge,  Avon  (3  plates);  Underground 
Railway  (3  plates). 


HUMBER'S  PROGRESS  OF  MODERN  ENGINEERING . 
Second  Series.  Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of 
Robert  Stephenson,  C.E.,  M.P.,  F.R.S.,  &c.,  and  copious  descriptive  Letter- 
press,  Specifications,  &c.,  £3  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 


Birkenhead  Docks,  Low  Water  Basin  (15 
plates);  Charing  Cross  Station  Roof,  C.  C. 
Railway  (3  plates) ; Digswell  Viaduct,  Great 
Northern  Railway  ; Robbery  Wood  Viaduct, 
Great  Northern  Railway ; Iron  Permanent 
Way;  Clydach  Viaduct,  Merthyr,  Tredegar, 


and  Abergavenny  Railway ; Ebbw  Viaduct, 
Merthyr,  Tredegar,  and  Abergavenny  Rail- 
way ; College  Wood  Viaduct,  Cornwall  Rail- 
way ; Dublin  Winter  Palace  Roof  (3  plates) ; 
Bridge  over  the  Thames,  L.  C.  & D.  Railway 
(6  plates) ; Albert  Harbour,  Greenock  (4  plates). 


" Mr.  Humber  has  done  the  profession  good  and  true  service,  by  the  fine  collection  of  examples 
he  has  here  brought  before  the  profession  and  the  public." — Practical  Mechanic' s Journal. 


HUMBER'S  PROGRESS  OF  MODERN  ENGINEERING. 
Third  Series.  Imp.  4to,  with  40  Double  Plates,  Photographic  Portrait  of 
J.  R.  M'Clean,  late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress, 
Specifications,  &c.,  £3  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 


Main  Drainage,  Metropolis.— North 
Side. — Map  showing  Interception  of  Sewers ; 
Middle  Level  Sewer  (2  plates) ; Outfall  Sewer, 
Bridge  over  River  Lea  (3  plates) ; Outfall  Sewer, 
Bridge  over  Marsh  Lane,  North  Woolwich 
Railway,  and  Bow  and  Barking  Railway  Junc- 
tion ; Outfall  Sewer,  Bridge  over  Bow  and 
Barking  Railway  (3  plates) ; Outfall  Sewer, 
Bridge  over  East  London  Waterworks'  Feeder 
(a  plates);  Outfall  Sewer,  Reservoir  (2  plates) ; 
Outfall  Sewer,  Tumbling  Bay  and  Outlet;  Out- 
fall Sewer,  Penstocks.  South  Side.— Outfall 
Sewer,  Bermondsey  Branch  (2  plates) ; Outfall 
'*  The  drawings  have  a constantly  increasing 
sentations  of  the  two  great  works  carried  out  by 
volume." — Engineer. 


Sewer,  Reservoir  and  Outlet  (4  plates) ; Outfall 
Sewer,  Filth  Hoist;  Sections  of  Sewers  (North 
and  South  Sides). 

Thames  Embankment.— Section  of  River 
Wall ; Steamboat  Pier,  Westminster  (2  plates): 
Landing  Stairs  between  Charing  Cross  and 
Waterloo  Bridges ; York  Gate  (2  plates) ; Over- 
flow and  Outlet  at  Savoy  Street  Sewer  (3  plates) ; 
Steamboat  Pier,  Waterloo  Bridge  (3  plates)  ; 
Junction  of  Sewers,  Plans  and  Sections ; 
Gullies,  Plans  and  Sections ; Rolling  Stock  ; 
Granite  and  Iron  Forts. 

alue,  and  whoever  desires  to  possess  clear  repre- 
>ur  Metropolitan  Board  will  obtain  Mr.  Humber's 


HUMBER'S  PROGRESS  OF  MODERN  ENGINEERING. 

Fourth  Series.  Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  ot 
John  Fowler,  late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress, 
Specifications,  &c.,  £3  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams . 


Abbey  Mills  Pumping  Station,  Main  Drain- 
age, Metropolis  (4  plates) ; Barrow  Docks  (5 
plates) ; Manquis  Viaduct,  Santiago  and  Val- 
paraiso Railway  (2  plates);  Adam's  Locomo- 
tive, St.  Helen's  Canal  Railway  (2  plates) ; 
Cannon  Street  Station  Roof,  Cnaring  Cross 
Railway  (3  plates) ; Road  Bridge  over  the  River 
Moka  (2  plates) ; Telegraphic  Apparatus  for 


Mesopotamia ; Viaduct  over  the  River  Wye, 
Midland  Railway  (3  plates) ; St.  Germans  Via- 
duct, Cornwall  Railway  (2  plates) ; Wrought- 
Iron  Cylinder  for  Diving  Bell ; Millwall  Docks 
(6  plates);  Milroy's  Patent  Excavator;  Metro- 
politan District  Railway  (6  plates) ; Harbours, 
Ports,  and  Breakwaters  (3  plates). 


_ _ We  gladly  welcome  another  year’s  issue  of  this  valuable  publication  from  the  able  pen  of 
Mr.  Humber.  The  accuracy  and  general  excellence  of  this  work  are  well  known,  while  its  useful- 
ness in  giving  the  measurements  and  details  of  some  of  the  latest  examples  of  engineering  as 
carried  out  by  the  most  eminent  men  in  the  profession,  cannot  be  too  highly  prized."-  Artisan  ' 
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Statics , Graphic  and  Analytic. 

GRAPHIC  AND  ANALYTIC  STATICS,  in  their  Practical  Appli- 
cation to  the  Treatment  of  Stresses  in  Roofs,  Solid  Girders,  Lattice,  Bowstring 
and  Suspension  Bridges,  Braced  Iron  Arches  and  Piers,  and  other  Frameworks. 
w-  u Hudson  Graham,  C.E.  Containing  Diagrams  and  Plates  to  Scale. 
With  numerous  Examples,  many  taken  from  existing  Structures.  Specially 
arranged  for  Class-work  in  Colleges  and  Universities.  Second  Edition,  Re- 
vised and  Enlarged.  8vo,  16s.  cloth. 

"Mr.  Graham's  book  will  find  a place  wherever  graphic  and  analytic  statics  are  used  or  studied." 

—Angtneer. 

“The  work  is  excellent  from  a practical  point  of  view,  and  has  evidently  been  prepared  with 
mucn  care.  1 he  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  of  well- 
selected  examples.  It  is  an  excellent  text-book  for  the  practical  draughtsman." — Athenaum . 

Practical  Mathematics . 

MATHEMATICS  FOR  PRACTICAL  MEN : BeingaCommon- 

place  Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly  for  the  use 
of  Civil  Engineers,  Architects  and  Surveyors.  By  Olinthus  Gregory, 
LL.D.,  F.R.A.S.,  Enlarged  by  Henry  Law,  C.E.  4th  Edition,  carefully- 
Revised  by  J.  R.  Young,  formerly  Professor  of  Mathematics,  Belfast  College. 
With  13  Plates.  8vo,  £1  is.  cloth. 

“ The  engineer  or  architect  will  here  find  ready  to  his  hand  rules  for  solving  nearly  every  mathe- 
matical  difficulty  that  may  arise  in  his  practice.  The  rules  are  in  all  cases  explained  by  means  of 
examples,  in  which  every  step  of  the  process  is  clearly  worked  out  ."—Builder. 

“ One  of  the  most  serviceable  books  for  practical  mechanics.  . . It  is  an  instructive  book  for 
the  student,  and  a text-book  for  turn  who,  having  once  mastered  the  subjects  it  treats  of,  needs 
occasionally  to  refresh  his  memory  upon  them,” — Building  News. 

Hydraulic  Tables. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULA: 

for  finding  the  Discharge  of  Water  from  Orifices , Notches , Weirs,  Pipes,  and 
Rivers.  With  New  Formulas,  Tables,  and  General  Information  on  Rainfall, 
Catchment-Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Neville,  Civil  Engineer,  M.R.I.A.  Third  Ed.,  carefully 
Revised,  with  considerable  Additions.  Numerous  Illusts.  Cr.  8vo,  14s.  cloth. 
“ Alike  valuable  to  students  and  engineers  in  practice  ; its  study  will  prevent  the  annoyance  of 
avoidable  failures,  and  assist  them  to  select  the  readiest  means  of  successfully  carrying  out  any 
given  work  connected  with  hydraulic  engineering.” — Mining  Journal. 

“ It  is,  of  all  English  books  on  the  suoject,  the  one  nearest  to  completeness.  . . . From  the 
good  arrangement  of  the  matter,  the  clear  explanations,  and  abundance  of  formulae,  the  carefully 
calculated  tables,  and,  above  all,  the  thorough  acquaintance  with  both  theory  and  construction, 
which  is  displayed  from  first  to  last,  the  book  will  be  found  to  be  an  acquisition.”— A rchitecU 

Hydraulics. 

HYDRAULIC  MANUAL.  Consisting  of  Working  Tables  and 
Explanatory  Text.  Intended  as  a Guide  in  Hydraulic  Calculations  and  Field 
Operations.  By  Lowis  D’A.  Jackson,  Author  of  “Aid  to  Survey  Practice, M 
“|Modern  Metrology,’’  &c.  FourthJEdition,  Enlarged.  Large  cr.  8vo,  16s.  cl. 
“ The  author  has  had  a wide  experience  in  hydraulic  engineering  and  has  been  a careful  ob- 
server of  the  facts  which  have  come  under  his  notice,  and  from  the  great  mass  of  material  at  his 
command  he  has  constructed  a manual  which  may  be  accepted  as  a trustworthy  guide  to  this 
branch  of  the  engineer's  profession.  We  can  heartily  recommend  this  volume  to  all  who  desire  to 
be  acquainted  with  the  latest  development  of  this  important  subject.” — Engineering. 

“ The  standard-work  in  this  department  of  mechanics.”— Scotsman. 

11  The  most  useful  feature  of  this  work  is  its  freedom  from  what  is  superannuated,  and  its 
thorough  adoption  of  recent  experiments ; the  text  is,  in  fact,  in  great  part  a short  account  of  the 
great  modern  experiments.” — Nature. 

Drainage. 

ON  THE  DRAINAGE  OF  LANDS,  TOWNS,  AND  BUILD - 
INGS.  By  G.  D.  Dempsey,  C.E.,  Author  of  11  The  Practical  Railway  En- 
gineer,” &c.  Revised,  with  large  Additions  on  Recent  Practice  in 
Drainage  Engineering,  by  D.  Kinnear  Clark,  M.Inst.C.E.  Author  of 
“Tramways:  Their  Construction  and  Working,”  “A  Manual  of  Rules. 
Tables,  and  Data  for  Mechanical  Engineers,"  &c.  Second  Edition,  Cor- 
rected. Fcap.  8vo,  5s.  cloth. 

" The  new  matter  added  to  Mr.  Dempsey's  excellent  work  is  characterised  by  the  comprehen- 
sive grasp  and  accuracy  of  detail  for  which  the  name  of  Mr.  D.  K.  Clark  is  a sufficient  voucher.  — 

" As  a work  on  recent  practice  in  drainage  engineering,  the  book  is  to  be  commended  to  all 
who  are  making  that  branch  of  engineering  science  their  special  study."— Iron. 

‘ ' A comprehensive  manual  on  drainage  engineering,  and  a useful  introduction  to  the  student. 

— 3 ui tiling  News. 
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Water  Storage , Conveyance,  and  Utilisation. 

WATER  ENGINEERING  : A Practical  Treatise  on  the  Measure- 
ment,  Storage,  Conveyance,  andUtilisation  of  Water  for  the  Supply  of  Towns, 
for  Mill  Power,  and  for  other  Purposes.  By  Charles  Slagg,  Water  and 
Drainage  Engineer,  A.M.Inst.C.E.,  Author  of  “ Sanitary  Work  in  the  Smaller 
Towns,  and  in  Villages, ’*  &c.  With  numerous  Illusts.  Cr.  8vo.  ys.  6 d.  cloth. 

“ As  a small  practical  treatise  on  the  water  supply  of  towns,  and  on  some  applications  of 
water-power,  the  work  is  in  many  respects  excellent."— Engineering. 

“ The  author  has  collated  the  results  deduced  from  the  experiments  of  the  most  eminent 
authorities,  and  has  presented  them  in  a compact  and  practical  form,  accompanied  by  very  clear 
and  detailed  explanations.  . . . The  application  of  water  as  a motive  power  is  treated  very 
carefully  and  exhaustively.”— Builder. 

"For  anyone  who  desires  to  begin  the  study  of  hydraulics  with  a consideration  of  the  practical 
applications  of  the  science  there  is  no  better  guide.” — Architect, 


River  Engineering. 

RIVER  BARS:  The  Causes  of  their  Formation,  and  their  Treat- 
ment  by  “ Induced  Tidal  Scour ; ” with  a Description  of  the  Successful  Re- 
duction by  this  Method  of  the  Bar  at  Dublin.  By  I.  J.  Mann,  Assist.  Eng. 
to  the  Dublin  Port  and  Docks  Board.  Royal  8vo,  ys.  6 d.  cloth. 

"We  recommend  all  interested  in  harbour  works— and,  indeed,  those  concerned  in  the  im- 
provements of  rivers  generally— to  read  Mr.  Mann's  interesting  work  on  the  treatment  of  river 
bars  ."—Engineer. 


Trusses. 

TRUSSES  OF  WOOD  AND  IRON.  Practical  Applications  of 

Science  in  Determining  the  Stresses,  Breaking  Weights,  Safe  Loads,  Scantlings, 
and  Details  of  Construction,  with  Complete  Working  Drawings.  By  William 
Griffiths,  Surveyor,  Assistant  Master,  Tranmere  School  of  Science  and 
Art.  Oblong  8vo,  4s.  6d.  cloth. 

“ This  handy  little  book  enters  so  minutely  into  every  detail  connected  with  the  construction  of 
roof  trusses,  that  no  student  need  be  ignorant  of  these  matters.1’ — Practical  Engineer. 

Railway  Working. 

SAFE  RAILWAY  WORKING.  A Treatise  on  Railway  Acci- 
dents: Their  Cause  and  Prevention;  with  a Description  of  Modern  Appliances 
and  Systems.  By  Clement  E.  Stretton,  C.E.,  Vice-President  and  Con- 
sulting Engineer,  Amalgamated  Society  of  Railway  Servants.  With  Illus- 
trations and  Coloured  Plates.  Third  Edition,  Enlarged.  Crown  8vo  as  6 d 
cloth. 

“ A book  for  the  engineer,  the  directors,  the  managers ; and,  in  short,  all  who  wish  for  informa- 
tion on  railway  matters  will  find  a perfect  encyclopaedia  in  ‘ Safe  Railway  Working.'  "-Rail-war 
Review.  J 

“ We  commend  the  remarks  on  railway  signalling  to  all  railway  managers,  especially  where  a 
•uniform  code  and  practice  is  advocated."— Herepath's  Railway  Journal. 

"The  author  maybe  congratulated  on  having  collected,  in  a very*  convenient  form  much 
valuable  information  on  the  principal  questions  affecting  the  safe  working  of  railways."— Rail, 
■zuay  Engineer.  3 


Oblique  Bridges. 

A PRACTICAL  AND  THEORETICAL  ESSAY  ON  OBLIOUE 

BRIDGES.  With  13  large  Plates.  By  the  late  George  Watson  Buck 
M.I.C.E.  Third  Edition,  revised  by  his  Son,  J.  H.  Watson  Buck  mice’ 
and  with  the  addition  of  Description  to  Diagrams  for  Facilitating  the  Con’ 
struction  of  Oblique  Bridges,  by  W.  H.  Barlow,  M.I.C.E.  Royal  8vo,  12s. 

"The  standard  textbook  for  all  engineers  regarding  skew  arches  Is  Mr.  Buck's  treatise  and  it 
would  be  impossible  to  consult  a better.  — Engineer.  ’ antl  ,c 

••Mr.  Buck's  treatise  is  recognised  as  a standard  text-book,  and  his  treatment  has  divested  the 
subject  of  many  of  the  intricacies  supposed  to  belong  to  it.  As  a guide  to  the  engineer  and  arel  i 
sect,  on  a confessedly  difficult  sublet,  Mr.  Buck's  work  is  unsurpalsed ."-BuildiilgJVms 

Tunnel  Shafts. 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS  • A 

Practical  and  Theoretical  Essay.  By  T.  H Watson  Pm-ir  rvr  i„„»  A u 

Resident  Engineer,  London  and  North-Western  Railway^  Illustrated  'with 
Folding  Plates.  Royal  8vo,  12s.  cloth.  1 xnusiraiea  wttn 

'•  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason  • and  the 
on  the  form  of  arch,  the  rules  for  ordering  the  stone  and  the  rnncfn.rHm,Af  .and  the  observations 
fougd  of  considerable  use.  We  commend  the  book  to  die  w„iU  l,e 

•"  Will  be  regarded  by  civil  engineers  as  0°  , OieMos  ^uT^id' ^cuUted 
d obviate  many  mistakes."— Colliery  Guardian.  ’ nQ  calcuIatcd  *°  save  much  time 
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Student’s  Text-Book  on  Surveying. 

PRACTICAL  SURVEYING  : A Text-Book  for  Students  pre- 
paring  for  Examination  or  for  Survey-work  in  the  Colonies.  By  George 
W.  Usill,  A.M.I.C.E.,  Author  of  “The  Statistics  of  the  Water  Supply  of 
Great  Britain.”  With  Four  Lithographic  Plates  and  upwards  of  330  Illustra- 
tions. Second  Edition,  Revised.  Crown  8vo,  7s.  6 d.  cloth. 

“ The  best  forms  of  instruments  are  described  as  to  their  construction,  uses  and  modes  of 
employment,  and  there  are  innumerable  hints  on  work  and  eouipment  such  as  the  author,  in  his 
experience  as  surveyor,  draughtsman,  and  teacher,  has  found  necessary,  and  which  the  student 
in  his  inexperience  will  find  most  serviceable.” — Engineer. 

“ The  latest  treatise  in  the  English  language  on  surveying,  and  we  have  no  hesitation  in  say- 
ing that  the  student  will  find  it  a better  guide  than  any  of  its  predecessors 

Deserves  to  be  recognised  as  the  first  book  which  should  be  put  in  the  hands  of  a pupil  of  Civil 
Engineering,  and  every  gentleman  of  education  who  sets  out  for  the  Colonies  would  find  it  well  to 
have  a copy.” — A rchitect. 

Survey  Practice. 

AID  TO  SURVEY  PRACTICE,  for  Reference  in  Surveying,  Level • 
ling , and  Setting-out ; and  in  Route  Surveys  of  Travellers  by  Land  and  Sea . 
With  Tables,  Illustrations,  and  Records.  By  Lowis  D’A.  Jackson, 
A.M.I.C.E.,  Author  of  “ Hydraulic  Manual,”  “Modern  Metrology,”  &c. 
Second  Edition,  Enlarged.  Large  crown  8vo,  12s.  6d.  cloth. 

“Mr.  Jackson  has  produced  a valuable  vade-mecu?n  for  the  surveyor.  We  can  recommend 
this  book  as  containing  an  admirable  supplement  to  the  teaching  of  the  accomplished  surveyor." — 
Athenceum. 

“ As  a text-book  we  should  advise  all  surveyors  to  place  It  In  their  libraries,  and  study  well  the 
matured  instructions  afforded  in  its  pages.” — Colliery  Cuardia?i. 

" The  author  brings  to  his  work  a fortunate  union  of  theory  and  practical  experience  which, 
aided  by  a clear  and  lucid  style  of  writing,  renders  the  book  a very  useful  one.” — Builder. 

Surveying,  Land  and  Marine. 

LAND  AND  MARINE  SUR  VEYING,  in  Reference  to  the  Pre- 
paration  of  Plans  for  Roads  and  Railways;  Canals,  Rivers,  Towns’  Water 
Supplies;  Docks  and  Harbours.  With  Description  and  Use  of  Surveying 
Instruments.  By  W.  D.  Haskoll,  C.E.,  Author  of  “ Bridge  and  Viaduct  Con- 
struction,’’ &c.  Second  Edition,  Revised,  with  Additions.  Large  cr.  8vo,  9s.  cl. 
“ This  book  must  prove  of  great  value  to  the  student.  We  have  no  hesitation  in  recommend- 
ing it,  feeling  assured  that  it  will  more  than  repay  a careful  study.”—  Mechanical  IVorld. 

“A  most  useful  and  well  arranged  book  for  the  aid  of  a student.  We'can  strongly  recommend 
it  as  a carefully-written  and  valuable  text-book.  It  enjoys  a well-deserved  repute  among  surveyors.” 
— Builder. 

“ This  volume  cannot  fail  to  prove  of  the  utmost  practical  utility.  It  may  be  safely  recommended 
to  all  students  who  aspire  to  become  clean  and  expert  surveyors.” — Mining  Journal. 

Field-Book  for  Engineers. 

THE  ENGINEER’S,  MINING  SURVEYOR'S,  AND  CON- 
TRACTOR’S FIELD-BOOK.  Consisting  of  a Series  of  Tables,  with  Rules, 
Explanations  of  Systems,  and  use  of  Theodolite  for  Traverse  Surveying  and 
Plotting  the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only  ; Levelling  with  the  Theodolite,  Casting-out  and  Reducing 
Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary  manner;  setting-out 
Curves  with  the  Theodolite  by  Tangential  Angles  and  Multiples,  with  Right 
and  Left-hand  Readings  of  the  Instrument:  Setting-out  Curves  without 
Theodolite,  on  the  System  of  Tangential  Angles  by  sets  of  Tangents  and  Off- 
sets ; and  Earthwork  Tables  to  80  feet  deep,  calculated  for  every  6 inches  in 
depth.  By  W.  Davis  Haskoll,  C.E.  With  numerous  Woodcuts.  Fourth 
Edition,  Enlarged.  Crown  8vo,  12s.  cloth. 

“The  book  is  very  handy ; the  separate  tables  of  sines  and  tangents  to  every  minute  will  make 
it  useful  for  many  other  purposes,  the  genuine  traverse  tables  existing  all  the  same." — Atlietueum. 

“Every  person  engaged  in  engineering  field  operations  will  estimate  the  importance  of  such  a 
work  and  the  amount  of  valuable  time  which  will  be  saved  by  reference  to  a set  of  reliable  tables 
prepared  with  the  accuracy  and  fulness  of  those  given  in  this  volume.”— Railway  News. 

Levelling. 

A TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OF 
LEVELLING.  Showing  its  Application  to  purposes  of  Railway  and  Civil 
Engineering,  in  the  Construction  of  Roads;  with  Mr.TELFORD’s  Rules  for  the 
same.  By  Frederick  W.  Simms,  F.G.S.,  M.Inst.C.E.  Seventh  Edition,  with 
the  addition  of  Law’s  Practical  Examples  for  Setting-out  Railway  Curves,  and 
Trautwine’s  Field  Practice  of  Laying-out  Circular  Curves.  With  7 Plates 
and  numerous  )Woodcuts.  8vo,  8s.  6 d.  cloth.  ***  Trautwine  on  Curves 
may  be  had  separate,  5s.  , _ „ _ . . 

" The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges.  — /•wgrwA’r. 

“ The  publishers  have  rendered  a substantial  service  to  the  profession,  especially  to  the  younger 
members  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  work."— ,S>j£ ineerinp. 
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Trigonom  etrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 

TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geographical  and 
Topographical  Maps  and  Plans,  Military  Reconnaissance,  Levelling,  & -c.,  with 
Useful  Problems,  Formulae,  and  Tables.  By  Lieut.-General  Frome,  R.E. 
Fourth  Edition,  Revised  and  partly  Re-written  by  Major  General  Sir  Charles 
Warren,  G.C.M.G.,  R.E.  With  19  Plates  and  ns  Woodcuts.  Royal  8vo,  t6s. 
cloth. 

" The  simple  fact  that  a fourth  edition  has  been  called  for  Is  the  best  testimony  to  Its  merits. 
No  words  of  praise  from  us  can  strengthen  the  position  so  well  and  so  steadily  maintained  by  this 
work.  Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  additions  as  were  necessary 
to  bring  every  portion  of  the  contents  up  to  the  present  date.’’— Broad  A rrow. 

Field  Fortification. 

A TREATISE  ON  FIELD  FORTIFICATION,  THE  ATTACK 
OF  FORTRESSES,  MILITARY  MINING,  AND  RECONNOITRING.  By 
Colonel  I.  S.  Macaulay,  late  Professor  of  Fortification  in  the  R.M.A.,  Wool- 
wich. Sixth  Edition.  Crown  8vo,  with  separate  Atlas  of  12  Plates,  12s.  cloth. 


Tunnelling. 

PRACTICAL  TUNNELLING.  Explaining  in  detail  the  Setting- 
out  of  the  works,  Shaft-sinking  and  Heading-driving,  Ranging  the  Lines  and 
Levelling  underground,  Sub-Excavating,  Timbering,  and  the  Construction 
of  the  Brickwork  of  T unnels,  with  the  amount  of  Labour  required  for,  and  the 
Cost  of,  the  various  portions  of  the  work.  By  Frederick  W.  Simms,  F.G.S., 
M.Inst.C.E.  Third  Edition,  Revised  and  Extended  by  D.  Kinnear  Clark, 
M.Inst.  C.E.  Imperial  8vo,  with  21  Folding  Plates  and  numerous  Wood 
Engravings,  30s.  cloth. 

“The  estimation  in  which  Mr.  Simms's  book  on  tunnelling  has  been  held  for  over  thirty  years 
cannot  be  moretruly  expressed  than  in  the  words  of  the  late  Prof.  Rankine: — 'The  best  source  of  in- 
formation on  the  subject  of  tunnels  is  Mr.F.W.  Simms's  work  on  Practical  Tunnelling.' " — A rchitect. 

" It  has  been  regarded  from  the  first  as  a text-book  of  the  subject.  . . . Mr.  Clark  has  added 
immensely  to  the  value  of  the  book.” — Engineer. 

Tramways  and  their  WorTcing. 

TRAMWAYS  : THEIR  CONSTRUCTION  AND  WORKING. 

Embracing  a Comprehensive  History  of  the  System  ; with  an  exhaustive 
Analysis  of  the  various  Modes  of  Traction,  including  Horse-Power,  Steam, 
Compressed  Air,  Electric  Traction,  &c. ; a Description  of  the  Varieties  of  Roll- 
ing Stock  ; and  ample  Details  of  Cost  and  Working  Expenses.  New  Edition, 
Thoroughly  Revised,  and  Including  the  Progress  recently  made  in  Tramway 
Construction,  &c.  &c.  By  D.  Kinnear  Clark,  M.Inst.C.E.  With  numerous 
Illustrations.  In  One  Volume,  8vo.  [In  preparation. 

" All  interested  in  tramways  must  refer  to  it,  as  all  railway  engineers  have  turned  to  the  author's 
work  ‘ Railway  Machinery — Engineer. 

" An  exhaustive  and  practical  work  on  tramways,  In  which  the  history  of  this  kind  of  locomo- 
tion, and  a description  and  cost  of  the  various  modes  of  laying  tramways,  are  to  be  found." 

Building  News. 

" The  best  form  of  rails,  the  best  mode  of  construction,  and  the  best  mechanical  appliances 
are  so  fairly  indicated  in  the  work  under  review,  that  any  engineer  about  to  construct  a tramway 
will  be  enabled  at  once  to  obtain  the  practical  information  which  will  be  of  most  service  to  him."— 
Athenceum . 

Cmrves , Tables  for  Setting-out. 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTIPLES 

for  Setting-out  Curves  from  5 to  200  Radius.  By  Alexander  Beazeley, 
M.Inst.C.E.  Fourth  Edition.  Printed  on  48  Cards,  and  sold  in  a cloth  box, 
waistcoat-pocket  size,  3s.  6d. 

" Each  table  is  printed  on  a small  card,  which,  being  placed  on  the  theodolite,  leaves  the  hands 
free  to  manipulate  the  instrument— no  small  advantage  as  regards  the  rapidity  of  work  ''—Engineer 
"Very  handy ; a man  may  know  that  all  his  day's  work  must  fall  on  two  of  these  cards  which 
he  puts  into  his  own  card-case,  and  leaves  the  rest  behind,”— Athenaum. 

Earthivovlc. 


EARTHWORK  TABLES.  Showing  the  Contents  in  Cubic 
Yards  of  Embankments,  Cuttings,  &c„  of  Heights  or  Depths  up  to  an 
average  of  80  feet.  By  Joseph  Broadbent,  C.E.,  and  Francis  Campin,  C.E. 
Crown  8vo,  5s.  cloth. 


'■  The  way  in  which  accuracy  is  attained,  by  a simple  division  of  each  cross  section  into  three 
elements,  two  in  which  arc  constant  and  one  variable,  is  ingenious.” — Athc/tanim, 
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Heat , Expansion  by. 

EXPANSION  OF  STRUCTURES  BY  HEAT.  By  John 

Keily,  C.E.,  late  of  the  Indian  Public  Works  and  Victorian  Railway  Depart- 
ments. Crown  8vo,  3s.  6 d.  cloth. 


Section  I.  Formulas  and  Data. 
Section  II.  Metal  Bars. 

Section  III.  Simple  Frames. 

Section  IV.  Complex  Frames  and 
Plates. 

Section  V.  Thermal  Conductivity. 


Summary  of  Contents. 


Section  VI.  Mechanical  Force  of 
Heat. 

Section  VII.  Work  of  Expansion 
and  Contraction. 
Section  VIII.  Suspension  Bridges. 
Section  IX.  Masonry  Structures. 


“ The  aim  the  author  has  set  before  him,  viz.,  to  show  the  effects  of  heat  upon  metallic  and 
other  structures,  is  a laudable  one,  for  this  is  a branch  of  physics  upon  which  the  engineer  or  archi- 
tect can  find  but  little  reliable  and  comprehensive  data  in  books.” — Builder. 

" Whoever  is  concerned  to  know  the  effect  of  changes  of  temperature  on  such  structures  as 
suspension  bridges  and  the  like,  could  not  do  better  than  consult  Mr.  Keily's  valuable  and  handy 
exposition  of  the  geometrical  principles  involved  in  these  changes.”— Scotsman. 


Earthwork,  Measurement  of. 

A MANUAL  ON  EARTHWORK.  By  Alex.  J.  S.  Graham, 
C.E.  With  numerous  Diagrams.  Second  Edition.  i8mo,  2 s.  6 d.  cloth. 

" A great  amount  of  practical  information,  very  admirably  arranged,  and  available  for  rough 
estimates,  as  well  as  for  the  more  exact  calculations  required  in  the  engineer  s and  contractor’s 
offices.” — Artizan, 


Strains  in  Ironwork. 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK;  with 
Practical  Remarks  on  Iron  Construction.  By  F.  W.  Sheilds,  M. Inst, C.E. 
Second  Edition,  with  5 Plates.  Royal  8vo,  5s.  cloth. 

The  student  cannot  find  a better  little  book  on  this  subject.”— Engineer. 

Cast  Iron  and  other  Metals,  Strength  of. 

A PRACTICAL  ESSAY  ON  THE  STRENGTH  OF  CAST 
IRON  AND  OTHER  METALS.  By  Thomas  Tredgold,  C.E.  Fifth 
Edition,  including  Hodgkinson’s  Experimental  Researches.  8vo,  12s.  cloth. 

Oblique  Arches. 

A PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  OF 
OBLIQUE  ARCHES.  By  John  Hart.  Third  Edition,  with  Plates.  Im- 
perial 8vo,  8s.  cloth. 

Girders,  Strength  of. 

GRAPHIC  TABLE  FOR  FACILITATING  THE  COM  PUT  A 
TION  OF  THE  WEIGHTS  OF  WROUGHT  IRON  AND  STEEL 
GIRDERS,  etc.,  for  Parliamentary  and  other  Estimates.  By  J.  H.  Watson 
Buck,  M.Inst.C.E.  On  a Sheet,  2s.  6d. 


MARINE  ENGINEERING,  NAVIGATION,  etc , 
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MARINE  ENGINEERING,  SHIPBUILDING, 
NAVIGATION,  etc. 


Pocket-Book  for  N aval  Architects  and  Shipbuilders . 
THE  ARCHITECT’S  AND  SHIPBUILDER’S 

POCKET-BOOK  of  Formula, Rules,  and  Tables, and  MARINE  ENGINEER'S 
AND  SURVEYOR'S  Handy  Book  of  Reference.  By  Clement  Mackrow, 
Member  of  the  Institution  of  Naval  Architects,  Naval  Draughtsman.  Fifth 
Edition,  Revised  and  Enlarged  to  700  pages,  with  upwards  of  300  Illustra- 
tions. Fcap.,  us.  6d.  strongly  bound  in  leather.  \_Just  published . 


Summary  of  Contents. 


Signs  and  Symbols,  Decimal  Frac- 
tions.— Trigonometry.  — Practical 
Geometry.  — Mensuration.  — Cen- 
tres and  Moments  of  Figures. — 
Moments  of  Inertia  and  Radii  of  , 
Gyration.  — Algebraical  Expres- 
sions for  Simpson’s  Rules.— Me- 
chanical Principles. — Centre  of 
Gravity. — Laws  of  Motion.— Dis- 
placement, Centre  of  Buoyancy. — 
Centre  of  Gravity  of  Ship’s  PIull. 

— Stability  Curves  and  Metacen- 
tres.— Sea  and  Shallow-water 
Waves. — Rolling  of  Ships. — Pro- 
pulsion and  Resistance  of  Vessels. 

— Speed  Trials. — Sailing,  Centre  ( 
of  Effort.— Distances  down  Rivers, 
Coast  Lines. — Steering  and  Rud- 
ders of  Vessels.— Launching  Cal-  j 
culations  and  Velocities. — Weight 
of  Material  and  Gear. — Gun  Par- 
ticulars and  Weight. — Standard 
Gauges. — Riveted  Joints  and  Rivet- 
ing.—Strength  and  Tests  of  Mate- 
rials. — Binding  and  Shearing 
Stresses,  etc.— Strength  of  Shaft- 
ing, Pillars,  Wheels,  etc.  — Hy- 
draulic Data,  etc. — Conic  Sections, 
Catenarian  Curves. — Mechanical 
Powers,  Work. — Board  of  Trade 
Regulations  for  Boilers  and  En- 
gines.— Board  of  Trade  Regula- 
tions for  Ships. — Lloyd's  Rules 


for  Boilers. — Lloyd's  Weight  of 
Chains.— Lloyd  s Scantlings  for 
Ships.— Data  of  Engines  and  Ves- 
sels. - Ships’  Fittings  and  Tests. — 
Seasoning  Preserving  Timber- 
Measurement  of  Timber. — Alloys, 
Paints,  Varnishes.  — Data  for 
Stowage.  — Admiralty  Transport 
Regulations.  — Rules  for  Horse- 
power, Screw  Propellers,  etc. — 
Percentages  for  Butt  Straps,  etc. 
— Particulars  of  Yachts.-  Masting 
and  Rigging  Vessels. — Distances 
of  Foreign  Ports.  — Tonnage 
Tables.  — Vocabulary  of  French 
and  English  Terms.  — English 
Weights  and  Measures. — Foreign 
Weights  and  Measures. — Decimal 
Equivalents.  — Foreign  Money. — 
Discount  and  Wage  Tables.— Use- 
ful Numbers  and  Ready  Reckoners 
— Tables  of  Circular  Measures.— 
Tables  of  Areas  of  and  Circum- 
ferences of  Circles.' — Tables  of 
Areas  of  Segments  of  Circles.— 
Tables  of  Squares  and  Cubes  and 
Roots  of  Numbers. — Tables  of 
Logarithms  of  Numbers. — Tables 
of  FIyperbolicLogarithms. — Tables 
of  Natural  Sines,  Tangents,  etc. — 
Tables  of  Logarithmic  Sines, 
Tangents,  etc. 


" In  these  days  of  advanced  knowledge  a work  like  this  is  of  the  greatest  value.  It  contains  a 
vast  amount  of  information.  We  unhesitatingly  say  that  it  is  the  most  valuable  compilation  for  its 
specific  purpose  that  has  ever  been  printed.  No  naval  architect,  engineer,  surveyor,  or  seaman, 
wood  or  iron  shipbuilder,  can  afford  to  be  without  this  work.” — Nautical  Magazine. 

■'Should  be  used  by  all  who  are  engaged  in  the  construction  or  designs  of  vessels.  . . .Will 
be  found  to  contain  the  most  useful  tables  and  formula;  required  by  shipbuilders,  caretully  collected 
from  the  best  authorities,  and  put  together  in  a popular  and  simple  form.” — Engineer. 

" The  professional  shipbuilder  has  now.  m a convenient  and  accessible  form,  reliable  data  for 
solving  many  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  work." — Iron. 


Marine  Engineering. 

MARINE  ENGINES  AND  STEAM  VESSELS  (A  Treatise 
on).  By  Robert  Murray,  C.E.  Eighth  Edition,  thoroughly  Revised,  with 
considerable  Additions  by  the  Author  and  by  George  Carlisle,  C.E., 
Senior  Surveyor  to  the  Board  of  Trade  at  Liverpool.  i2ino,  5s.  cloth  boards. 

Well  adapted  to  give  the  young  steamship  engineer  or  marine  engine  and  boiler  maker  a 
general  introduction  into  Ills  practical  work.1'— Mechanical  I for  hi. 

" We  feel  sure  that  this  thoroughly  revised  edition  will  continue  to  be  as  popular  in  the  future 
as  it  has  been  in  the  past,  as,  for  its  sue,  it' contains  more  useful  information  than  any  similar 
treatise.  —Industries.  1 


Electric  Lighting  of  Ships. 

ELECTRIC  SHIP-LIGHTING.  By  T.  W Urqujiart 
Crown  8vo,  ys.  6 d.  clolh.  For  full  description,  see  p.  24  1 


C.E. 
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Pocket-Book  for  3Iarine  Engineers. 

A POCKET-BOOK  OF  USEFUL  TABLES  AND  FOR- 
MULAE FOR  MARINE  ENGINEERS.  By  Frank  Proctor,  A.I.N.A. 
Third  Edition.  Royal  32mo,  leather,  gilt  edges,  with  strap,  4s. 

“ We  recommend  it  to  our  readers  as  going  far  to  supply  a long-felt  want  ."—Naval  Science. 

“A  most  useful  companion  to  all  marine  engineers."—  United  Service  Gazette . 

Introduction  to  Marine  Engineering. 

ELEMENTARY  ENGINEERING  : A Manual  for  Young  Marine 
Engineers  and  Apprentices.  In  the  Form  of  Questions  and  Answers  on 
Metals,  Alloys,  Strength  of  Materials,  Construction  and  Management  ot 
Marine  Engines  and  Boilers,  Geometry,  &c.  See.  With  an  Appendix  of  Useful 
Tables.  By  John  Sherren  Brewer,  Government  Marine  Surveyor,  Hong- 
kong. Second  Edition,  Revised.  Small  crown  8vo,  2 s.  cloth. 

“ Contains  much  valuable  information  for  the  class  for  whom  it  is  intended,  especially  in  the 
chapters  on  the  management  of  boilers  and  engines." — Nautical  Magazine. 

*•  A useful  introduction  to  the  more  elaborate  text-books.” — Scotsman. 

“ To  a student  who  has  the  requisite  desire  and  resolve  to  attain  a thorough  knowledge,  Mr, 
Brewer  offers  decidedly  useful  help." — AtJieneeum. 

Navigation. 

PRACTICAL  NAVIGATION.  Consisting  of  The  Sailor’s 
Sea-Book,  by  James  Greenwood  and  W.  H.  Rosser;  together  with  the 
requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the  Problems, 
by  Henry  Law,  C.E.,  and  Professor  J.  R.  Young.  Illustrated.  i2mo,  7s. 
strongly  half-bound. 

Drawing  for  Marine  Engineers. 

LOCKIE'S  MARINE  ENGINEER’  S DRAWING  - BOOK. 

Adapted  to  the  Requirements  of  the  Board  of  Trade  Examinations.  By 
John  Lockie,  C.E.  With  22  Plates,  Drawn  to  Scale.  Royal  3vo,  3s.  6 d. 
cloth.  . [7«sf  published. 

“ The  student  who  learns  from  these  drawings  will  have  nothing  to  unlearn.” — Engineer. 
“The  examples  chosen  are  essentially  practical,  and  are  such  as  should  prove  of  service  to 
✓engineers  generally,  while  admirably  fulfilling  their  specific  purpose." — Mechanical  World. 


Sail making . 

THE  ART  AND  SCIENCE  OF  SAILMAKING.  By  Samuel 
B Sadler.  Practical  Sailmaksr,  late  in  the  employment  of  Messrs.  Ratsey 
arid  Lapthorne,  of  Cowes  and  Gosport.  With  Plates  and  other  Illustrations. 
Small  4to,  12s.  6 d.  cloth.  [Just  published. 

Summary  of  Contents. 

—VI.  On  Allowances. — VII.  Calcu- 
lation of  Gores. — VIII.  On  Cutting 
Out. — IX.  On  Roping. — X.  On  L)ia- 


. Chap.  I.  The  Materials  used  and 
their  Relation  to  Sails. — II.  On 
the  Centre  of  Effort. — III.  On 
Measuring. — IV.  On  Drawing. — -V. 
■ On  the  Number  of  Cloths  required. 


gonal-Cut  Sails. — XI.  Concluding 
Remarks. 


“ This  work  is  very  ably  written,  and  is  illustrated  by  diagrams  and  carefully-worked  calcula- 
tions. The  work  should  be  in  the  hands  of  every  sailmaker,  whether  employer  or  employed,  as  it 
-cannot  fail  to  assist  them  in  the  pursuit  of  their  important  avocations.’  -Isle  of  Wight  Herald 

'•  This  extremely  practic  il  work  gives  a complete  education  in  all  the  branches  of  the  manu- 
facture, cutting  out,  roping,  seaming,  and  goring.  It  is  copiously  illustrated,  and  will  torm  a first- 
-rate  text-book  and  guide.” — Portsmouth  Tunes.  _ ...  . r 

The  author  of  this  work  has  rendered  a distinct  service  to  all  interested  in  the  art  of  sail - 
making.  The  subject  of  which  he  treats  is  a congenial  one.  Mr.  Sadler  is  a practical  saihiiakcr. 
and  lus  devoted  years  of  careful  observation  and  study  to  the  subject;  and  the  results  of  the 
ex  .erience  thus  gained  he  has  set  forth  in  the  volume  before  us."— Steamship. 

Chain  Cables. 

CHAIN  CABLES  AND  CHAINS.  Comprising  Sizes  and 
Curves  of  Links,  Studs,  &c.,  Iron  for  Cables  and  Chains,  Chain  Cable  and 
Chain  Making,  Forming  and  Welding  Links,  Strength  of  Cables  and  Chains, 
Certihcates  for  Cables,  Marking  Cables,  Prices  of  Cham  Cables  and  Chains, 
Historical  Notes,  Acts  of  Parliament,  Statutory  Tests  Charges  lor  Testing, 
List  of  Manufacturers  of  Cables,  &c.  &c.  By  Thomas  W.T  raill,  F.E.K. N., 
M Inst  C.E.,  Engineer  Surveyor  in  Chief,  Board  of  Trade,  Inspector  of 
Chain  Cable  and  Anchor  Proving  Establishments,  and  General  Superin- 
tendent, Lloyd's  Committee  on  Proving  Establishments.  With  numerous 
Tables,  Illustrations  and  Lithographic  Drawings.  Folio,  £2  w.  cloth, 

•Mt  containsba°vast  amount  of  valuable  Information.  Nothing  seems  to  be  wanting  to  make  it 
a complete  and  standard  work  of  reference  on  the  subject."— A anneal  Magazine. 
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Metalliferous  Mining  in  the  United  Kingdom. 

BRITISH  MINING  : A Treatise  on  the  History , Discovery , Practical 
Development,  and  Future  Prospects  of  Metalliferous  Mines  in  the  United  King- 
dom. By  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records;  Editor  of 
“ Ure’s  Dictionary  of  Arts,  Manufactures,  and  Mines,1'  &c.  Upwards  of  950 
pp.,  with  230  Illustrations.  Second  Edition,  Revised.  Super-royal  8vo, 
£2  2s.  cloth. 

"One  of  the  most  valuable  works  of  reference  of  modern  times.  Mr.  Hunt,  as  keeper  of  mining 
records  of  the  United  Kingdom,  has  had  opportunities  for  such  a task  not  enjoyed  by  anyone  else, 
and  has  evidently  made  the  most  of  them.  . . . The  language  and  style  adopted  are  good,  and 
the  treatment  of  the  various  subjects  laborious,  conscientious,  and  scientific.” — Engineering. 

"The  book  is,  in  fact,  a treasure-house  of  statistical  information  on  mining  subjects,  and  we 
know  of  no  other  work  embodying  so  great  a mass  of  matter  of  this  kind.  Were  this  the  only 
merit  of  Mr.  Hunt  s volume,  it  would  be  sufficient  to  render  it  indispensable  in  the  library  of 
everyone  interested  in  the  development  of  the  mining  and  metallurgical  industries  of  tnis  country.” 
— Athentzum. 

* " A mass  of  information  not  elsewhere  available,  and  of  the  greatest  value  to  those  who  may 
tie  interested  in  our  great  mineral  industries.” — Engineer . 


Metalliferous  Minerals  and  Mining. 

A TREATISE  ON  METALLIFEROUS  MINERALS  AND 
MINING.  By  D.  C Davies,  F.G.S.,  Mining  Engineer,  &c.,  Author  of  “A 
Treatise  on  Slate  and  Slate  Quarrying.”  Fifth  Edition,  thoroughly  Revised 
and  much  Enlarged,  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S.  With  about 
150  Illustrations.  Crown  8vo,  12s.  6 d.  cloth.  [ Just  published. 

"Neither  the  practical  miner  nor  the  general  reader  interested  in  mines  can  have  a better  book 
•for  his  companion  and  his  guide.” — Mining  Journal.  {Mining  World. 

“ We  are  doing  our  readers  a service  in  calling  their  attention  to  this  valuable  work.”— 

" A book  that  will  not  only  be  useful  to  the  geologist,  the  practical  miner,  and  the  metallurgist 
'but  also  very  interesting  to  the  general  public.” — Iron. 

" As  a history  of  the  present  state  of  mining  throughout  the  world  this  book  has  a real  value, 
and  it  supplies  an  actual  want.” — Athenauin.  , 

Earthy  Minerals  and  Mining. 

A TREATISE  ON  EARTHY  & OTHER  MINERALS  AND 

MINING.  By  D.  C.  Davies,  F.G.S.,  Author  of  “ Metalliferous  Minerals,” 
&c.  Third  Edition.  Revised  and  Enlarged,  by  his  Son,  E.  Henry  Davies, 
M E.,  F.G.S.  With  about  ioo  IUusts.  Cr.  8vo,  12s.  6 d.  cl.  [Jitsf  published. 
"We  do  not  remember  to  have  met  with  any  English  work  on  mining  matters  that  contains 
the  same  amount  of  information  packed  in  equally  convenient  form.”— Academy. 

“We  should  be  inclined  to  rank  it  as  among  the  very  best  of  the  handy  technical  and  trades 
manuals  which  have  recently  appeared.”— British  Quarterly  Review . 

31  i n ing  3Iach  ine  ry . 

MACHINERY  FOR  METALLIFEROUS  MINES,  including 

Motive  Power  Haulage,  Transport, ’and  Electricity  as  applied  to  Mining 
By  E.  Henrv  Davies,  M.E.,  F.G.S.,  &c.  &c.  [/«  preparation. 

Underground  Pumping  31achinery. 

MINE  DRAINAGE.  Being  a Complete  and  Practical  Treatise 

on  Direct-Acting  Underground  Steam  Pumping  Machinery,  with  a Descrrn- 
tion  of  a large  number  of  the  best  known  Engines,  their  General  Utility  and 
the  Special  Sphere  of  their  Action,  the  Mode  of  their  Application  and 
their  merits  compared  with  other  forms  of  Pumping  Machinery  Bv  Stephen 
Michell.  8vo,  15s.  cloth.  ' ^ 

"Will  be  highly  esteemed  by  colliery  owners  and  lessees,  mining  engineers  and  •stufW. 
generally  who  require  to  be  acquainted  with  the  best  means  of  securing  the  drainage  “mines  It 

CoullfGuardtn.0'^  “d  Sta'‘aS  a“n°St  al°ne  the  literature  °f  PumphlmacZe^.'^ 

. " Much  valuable  information  is  given,  so  that  the  book  is  thoroughly  worthy  of  on 
irculation  amongst  practical  men  and  purchasers  of  machinery."— Alining  'Journal  ” e tcns 

Mining  Tools. 

A MANUAL  OF  MINING  TOOLS.  For  the  Use  of  Mine 
Managers,  Agents,  Students,  &c.  By  William  Morgans,  Lecturer  on  Prac 
tical  Mining  at  the  Bristol  School  of  Mines.  i2tno,  2s.  Grf.  cloth  imn 

ATLAS  OF  ENGRAVINGS  to  Illustrate  the  above  contain 

ing  235  Illustrations  of  Mining  Tools,  drawn  to  scale,  ato  as  r.,1 
"Students  in  the  science  of  mining,  and  overmen,  captains  mamcrir^  • C °^* 
practical  knowledge  and  useful  hints  b*  the  study  of  Mr.  Morgans’  manual  a^/.v,ewc/!:s  may  gain 

W^/:aluable  work' which  wiU  teaU  mateiiaUy  to 
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Prospecting  for  Gold  and  other  Metals. 

THE  PROSPECTOR’S  HANDBOOK : A Guide  for  the  Pro- 
spector and  Traveller  in  Search  of  Metal- Bearing  or  other  Valuable  Minerals 
By  J.  W.  Anderson,  M.A.  (Camb.),  F.R.G.S.,  Author  of  “Fiji  and  New 
Caledonia.”  Fifth  Edition,  thoroughly  Revised  and  Enlarged.  Smal? 
crown  8vo,  3s.  6 d.  cloth. 

"Will  supply  a much  felt  want,  especially  amon?  Colonists,  in  whose  way  are  so  often  throwo 
many  mineralogical  specimens  the  value  of  which  it  is  difficult  to  determine.” — Engineer. 

"How  to  find  commercial  minerals,  and  how  to  identity  them  when  they  are  round,  are  the 
loading-  points  to  which  attention  is  directed.  The  author  has  managed  to  pack  as  much  practica? 
detail  into  his  pages  as  would  supply  ma  terial  for  a book  three  times  its  si zz."— Mining  Journal * 

Mining  Notes  and  Formulae. 

NOTES  AND  FORMULAS  FOR  MINING  STUDENTS.  By 

John  Herman  Merivale,  M.A.,  Certificated  Colliery  Manager,  Professor  of 
Mining  in  the  Durham  College  of  Science,  Newcastle-upon-Tyne.  Third 
Edition,  Revised  and  Enlarged.  Smal)  crown  8vo,  25.  6 d.  cloth. 

" Invaluable  to  anyone  who  is  working  up  for  an  examination  on  mining  subjects.”—  Iron  and 
Coal  Trades  Review. 

" The  author  has  done  his  work  in  an  exceedingly  creditable  manner,  and  has  produced  a book 
that  will  be  of  service  to  students,  and  those  who  are  practically  engaged  in  mining  operations."— 
Engineer. 

" A vast  amount  of  technical  matter  of  the  utmost  value  to  mining  engineers,  and  of  consider, 
able  interest  to  students.” — Schoolmaster. 


Miners’  and  Metallurgists’  Pocket-Book. 

A POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS . 
Comprising  Rules,  Formulae,  Tables,  and  Notes,  for  Use  in  Field  and  Office 
Work.  By  F.  Danvers  Power,  F.G.S.,  M.E.  Fcap.  8vo,  gs.  leather,  gilt 
edges.  IJwt  published. 

“ The  book  seems  to  contain  an  immense  amount  of  useful  information  in  a small  space,  and  no 
doubt  will  proveto  be  a valuable  and  handy  book  for  mining  engineers.*’ — C.Le  Neve  FOSTER, Esq. 

" Miners  and  metallurgists  will  find  in  this  work  a useful  yade-me  um  containing  a mass  of 
rules,  formulre.  tables,  and  various  other  information,  the  necessity  for  reference  to  which  occurs  in 
their  daily  duties.”— Iron. 

" A marvellous  compendium  which  every  miner  who  desires  to  do  work  rapidly  and  well  should 
hasten  to  buy.” — Redruth  Times. 

"Mr.  Power  has  succeeded  in  producing  a pocket-book  which  certainly  deserves  to  become 
the  engineer’s  vade-mecum." — Mechanical  IVorld. 

Mineral  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COMPLETE 

GUIDE,  comprising  a Treatise  on  Improved  Mining  Surveying  and  the  Valua- 
tion of  Mining  Properties,  with  New  Traverse  Tables.  By  Wm.  Linters, 
Mining  and  Civil  Engineer  Third  Edition,  with  an  Appendix  on  “ Magnetic 
and  Angular  Surveying,”  with  Records  of  the  Peculiarities  of  Needle  Dis- 
turbances. With  Four  Plates  of  Diagrams,  Plans,  &c.  i2mo,  4s.  cloth. 

“ Mr.  Lintern's  book  forms  a valuable  and  thoroughly  trustworthy  guide."— Iron  and  Coal 
Trades  Review.  , . . , 

“ This  new  edition  must  be  of  the  highest  value  to  colliery  surveyors,  proprietors,  and  mana- 
gers.”— Colliery  Guardian . 

Asbestos  and  its  Uses. 

ASBESTOS : Its  Properties,  Occurrence,  and  Uses.  With  some 
Account  of  the  Mines  of  Italy  and  Canada.  By  Robert  H.  Jones.  With 
Eight  Collotype  Plates  and  other  Illustrations.  Crown  8vo,  12s.  6 d.  cloth. 

“ An  interesting  and  invaluable  work."—  Collierv  Guardian. 

•'  A valuable  addition  to  the  architect’s  and  engineer's  library.  — Building  News. 


Explosives. 

A HANDBOOK  ON  MODERN  EXPLOSIVES.  Being  a 

Practical  Treatise  on  the  Manufacture  and  Application  of  Dynamite,  Gun- 
Cotton,  Nitro-Glycerine,  and  other  Explosive  Compounds.  Including  the 
Manufacture  of  Collodion-Cotton.  By  M.  Eissler,  Mining  Engineer  and 
Metallurgical  Chemist,  Author  of  “ The  Metallurgy  of  Gold,  ‘ The  Metal- 
lurgy of  Silver,”  &c.  With  about  100  Illusts.  Crown  8vo,  10s.  bd.  cloth. 

“ Useful  not  only  to  the  miner,  but  also  to  officers  of  both  services  to  whom  blasting  and  the 

use  °fA  veritable  ndne’of ^fbrmad^^n^e^ubjMit  of'ex^cSv^^ploye^  for^mUitary,  mining, 

-«  consider  it  an  excellent  little  book  and 
one  that  should  be  found  of  great  service  to  miners  and  others  who  are  engaged  in  work  requiring 
the  use  of  explosives.”— Athenaum. 
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Colliery  Management. 

THE  COLLIERY  MANAGER'S  HANDBOOK  : A Cipmpre- 

hensive  Treatise  on  the  Laying-out  and  Working  of  Collieries,  Designed  as 
a Book  of  Reference  for  Colliery  Managers,  and  for  the  Use  of  Coal-Mining 
Students  preparing  for  First-class  Certificates.  By  Caleb  Pamely,  Mining 
Engineer  and  Surveyor;  Member  of  the  North  of  England  Institute  of 
Minin"  and  Mechanical  Engineers  ; and  Member  of  the  South  Wales  Insti- 
tute of  Mining  Engineers.  With  nearly  500  Plans,  Diagrams,  and  other 
Illustrations.  Medium  8vo,  about  600  pages.  Price  £1  5s.  strongly  bound. 
Summary  of  Contents. 


Gf.ology.  — Search  for  Coal.: — 
Shaft  Sinking.  — Fitting  Up  the 
Shaft  and  Surface  Arrangements. 
—Steam  Boilers  and  their  Fit- 
tings.— Timbering  and  Walling.— 
Narrow  Work  and  Methods  of 
Working. — Underground  Convey- 
ance.—Drainage.— The  Gases  met 
with  in  Mines;  Ventilation. — On 


the  Friction  of  Air  in  Mines. — 
Surveying  and  Planning. — Safety 
Lamps  and  Fire-Damp  Detectors. — 
Sundry  and  Incidental  Operations 
and  Appliances.  — Miscellaneous 
Questions  and  Answers. 

Appendix:  Summary  of  Report  of 
H.M.  Commissioners  on  Accidents 
in  Mines. 


***  Opinions  of  the  Press. 

" Mr.  Pamely  has  not  only  given  us  a comprehensive  reference  book  of  a very  high  order, 
suitable  to  the  requirements  of  mining  engineers  and  colliery  managers,  but  at  the  s ime  time  has 
provided  mining  students  with  a class-book  that  is  as  interesting  as  it  is  instructive.” — Colliery 
Manager. 

" Mr.  Pamely's  work  is  eminently  suited  to  the  purpose  for  which  it  is  intended — being  clear, 
interesting,  exhaustive,  rich  in  detail,  and  up  to  date,  giving  descriptions  of  the  very  latest 
machines  in  every  department.  . . . A mining  engineer  could  scarcely  go  wrong  who  followed 
This  work." — Colliery  uuardian. 

“This  is  the  most  complete  ‘allround*  work  on  coal-mining  published  in  the  English 
language.  . . . No  library  of  coal-mining  books  is  complete  without  it.” — Colliery  Engineer 
(Scranton,  Pa.,  U.S.A.). 

“ Mr.  Pamely's  work  is  in  all  respects  worthy  of  our  admiration.  No  person  in  any  responsible 
position  connected  with  mines  should  be  without  a copy.” — IVestminster  Review. 

Coal  and  Iron. 

THE  COAL  AND  IRON  INDUSTRIES  OF  THE  UNITED 
KINGDOM.  Comprising  a Description  of  the  Coal  Fields,  and  of  the 
Principal  Seams  of  Coal,  with  Returns  of  their  Produce  and  its  Distribu- 
tion, and  Analyses  of  Special  Varieties.  Also  an  Account  of  the  occurrence 
of  Iron  Ores  in  Veins  or  Seams ; Analyses  of  each  Variety ; and  a History  of 
the  Rise  and  Progress  of  Pig  Iron  Manufacture.  By  Richard  Meade,  Assistant 
Keeper  of  Mining  Records.  With  Maps.  8vo,  £1  8s.  cloth. 

“ The  book  Is  one  which  must  hnd  a place  on  the  shelves  of  all  Interested  In  coal  and  Iron 
production,  and  in  the  iron,  steel,  and  other  metallurgical  industries." — Engineer. 

“ Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  ever  met. 

. . A book  of  reference  which  no  one  engaged  in  the  iron  or  coal  trades  should  omit  from  his 
library." — Iron  and  Coal  Trades  Review. 


Coal  Mining. 

COAL  AND  COAL  MINING  : A Rudimentary  Treatise  on.  By 
the  late  Sir  Warington  W.  Smyth,  M.A.,  F.R.S.,  &c.,  Chief  Inspector  of  the 
Mines  of  the  Crown.  Seventh  Edition,  Revised  and  Enlarged.  With 
numerous  Illustrations.  i2mo,  45.  cloth  boards. 

“ As  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as  of  the 

principal  methods  of  working,  the  book  will  doubtless  interest  a very  large  number  of  readers.” 

Mining  Journal. 

Subterraneous  Surveying. 


SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatise  on,  with  and  without  the  Magnetic  Needle.  By  Thomas  Fenwick 
Surveyor  of  Mines,  and  Thomas  Baker,  C.E.  Illust.  i2mo,  3s.  cloth  boards.’ 

■Granite  Quarrying. 


GRANITES  AND  OUR  GRANITE  INDUSTRIES.  By 

George  F.  Harris,  F.G.S.,  Membre  de  la  Socigte  Beige  de  Gdologie  Lee 
turer  on  Economic  Geology  at  the  Birkbeck  Institution,  Sic  With  Illustra 
tions.  Crown  8vo,  2 s.  6 d.  cloth. 

— SrotsmJnlly  a"d  wellwri“en  manual  for  persons  engaged  or  Interested  in  the  granite  Industry.” 

'•  An  interesting  work,  which  will  be  deservedly  esteemed."— Colliery  Guardian 
"An  exceedingly  interesting  and  valuable  monograph  on  a subject  which  has  hitherto  received 
^accountably  little  attention  in  the  shape  of  systematic  literary  treatment." — Scottish  Leader. 
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Gold,  metallurgy  of. 

THE  METALLURGY  OF  GOLD  ; A Practical  Treatise  on  the 
Metallurgical  Treatment  of  Gold-bearing  Ores.  Including  the  Process  es  or 
.Concentration  and  Chlorination,  and  the  Assaying.  Melting,  and  Refining  of 
Gold.  By  M.  Eissler,  Mining  Engineer  and  Metallurgical  Chemist,  formerly 
Assistant  Assayer  of  the  U.  S.  Mint,  San  Francisco.  Third  Edition,  Revised 
and  greatly  Enlarged.  With  187  Illustrations.  Crown  8vo,  12s.  6 d.  cloth. 

“ This  book  thoroughly  deserves  its  title  of  a * Practical  Treatise.’  The  whole  process  of  gold 
milling,  from  the  breaking  of  the  quartz  to  the  assay  of  the  bullion,  is  described  in  clear  and 
orderly  narrative  and  with  much,  but  not  too  much,  fulness  of  detail.” — Saturday  Rcvtrw. 

“ The  work  is  a storehouse  of  information  and  valuable  data,  and  we  strongly  recommend  it  to 
all  professional  men  engaged  in  the  gold-mining  industry.” — Mining  Journal . 

Silver,  Metallurgy  of. 

THE  METALLURGY  OF  SILVER  : A Practical  Treatise  on 
the  Amalgamation,  Roasting,  and  Lixiviation  of  Silver  Ores.  Including  the 
Assaying,  Melting  and  Refining,  of  Silver  Bullion.  By  M.  Eissler.  Author 
of  “The  Metallurgy  of  Gold,’’  &c.  Second  Edition,  Enlarged.  With  15a 
Illustrations.  Crown  8vo,  10s.  6d.  cloth. 

" A practical  treatise,  and  a technical  work  which  we  are  convinced  will  supply  a long-felt  wan* 
amongst  practical  men,  and  at  the  same  time  be  of  value  to  students  and  others  indirectly  connected 
with  tne  industries.” — Mining  Journal. 

“ From  first  to  last  the  book  is  thoroughly  sound  and  reliable.” — Colliery  Guardian. 

"For  chemists,  practical  miners,  assayers,  and  investors  alike,  we  do  not  know  of  any  work 
on  the  subject  so  handy  and  yet  so  comprehensive.”—  Glasgow  Herald. 


Lead,  Metallurgy  of. 

THE  METALLURGY  OF  ARGENTIFEROUS  LEAD:  A 
Practical  Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  various  Smelting  Establishments  and 
Descriptions  of  Modern  Smelting  Furnaces  and  Plants  in  Europe  and 
America.  By  M.  Eissler,  M.E.,  Author  of  “The  Metallurgy  of  Gold,’’  &c. 
Crown  8vo,  400  pp.,  with  181  Illustrations,  12s.  6 d.  cloth. 

“ This  is  a very  good  book.” — Colliery  Guardian. 

“ The  numerous  metallurgical  processes,  which  are  fully  and  extensively  treated  of,  embrace 
all  the  stages  experienced  in  the  passage  of  the  lead  front  the  various  natural  states  to  its  issue 
from  the  refinery  as  an  article  of  commerce.” — Practical  Knginur. 

“ The  present  volume  fully  maintains  the  reputation  of  the  author.  Those  who  wish  to  obtain 
a thorough  insight  into  the  present  state  of  this  industry  cannot  do  better  than  read  this  volume, 
and  all  mining  engineers  cannot  fail  to  find  many  useful  hints  and  suggestions  in  it."— Industries. 

" It  is  most  carefully  written  and  illustrated  with  capital  drawings  and  diagrams.  In  fact,  it  is 
the  work  of  an  expert  for  experts,  by  whom  it  will  be  prized  as  an  indispensable  text-book.  — 
Jlristol  Mercury. 


Iron,  Metallurgy  of. 

METALLURGY  OF  IRON.  Containing  History  of  Iron  Manu- 
facture, Methods  of  Assay,  and  Analyses  cf  Iron  Ores,  Processes  of  Manu- 
facture of  Iren  and  Sleel,  &c.  By  H.  Bauerman,  F.G.S.  A.R.S.M.  With 
numerous  Illustrations.  Sixth  Edition,  Revised  and  Enlarged.  12010, 
5s.  6 d.  cloth. 

“ Carefully  written,  it  ltas  the  merit  of  brevity  and  conciseness,  as  to  less  important  points 
while  alt  material  matters  are  very  fully  and  thoroughly  entered  into.  ’ — Sta/idani. 


Iron  Mining. 


THE  IRON  ORES  OF  GREAT  BRITAIN  AND  IRELAND  : 
Their  Mode  of  Occurrence,  Ag°,  and  Origin,  and  the  Methods  of  Searching 
for  and  Working  them,  with  a Notice  of  some  of  the  Iron  Ores  of  Spain. 
By  J.  D.  Kendall,  F.G.S. , M.E.  Crown  8vo,  with  Illusts.,  16s.  cloth. 

[Nearly  ready. 


Summary  of  Contents. 


The  Early  Working  of  Iron  Ore. 
• — The  Haematite  Deposits  of  West 
Cumberland  and  Furness.  — The 
Iron  Ores  of  Cornwall,  Devon, 
and  West  Somerset. — The  Limon- 
ite  of  the  Forest  of  Dean  and 
South  Wales.— The  Siderite  and 
Limonite  of  Alston  and  Weardale. 
The  Argillaceous  Ironstones  of 
the  Carboniferous  Rocks.  — The 


Iron  Ores  of  the  Secondary  Rocks. 
— The  Iron  Ores  of  Antrim.— Some 
of  the  Iron  Ores  of  Spain.— The 
Age  and  Origin  of  Iron  Ore  De- 
posits.— Searching  for  and  Work- 
ing Iron  Ores. — Working  Costs  and 
Selling  Prices.— Rents,  Royalties, 
Way-leaves,  &c.  — Epitomes  of 
Leases,  &c.  & c. 
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Electrical  Engineering. 

THE  ELECTRICAL  ENGINEER'S  POCKET-BOOK  OF 
MODERN  RULES.  FORM  UL.E,  TABLES,  AN  D DAT  A . By  H.  R. 
Kempe,  M.Inst.E.E.,  A. M.Inst.C.E.,  Technical  Officer,  Postal  Telegraphs, 
Author  of  “A  Handbook  of  Electrical  Testing,”  &c.  Second  Edition, 
thoroughly  Revised,  with  Additions.  With  numerous  Illustrations.  Royal 
32010,  oblong,  5s.  leather.  [J«sf  published. 

" There  is  very  little  in  the  shape  of  formtilre  or  data  which  the  electrician  is  likely  to  want 
In  a huiry  which  cannot  be  found  in  its  pages  ."—Practical  Engineer. 

“A  very  useful  book  of  reference  for  daily  use  in  practical  electrical  engineering  and  its 
various  applications  to  the  industries  of  the  present  day  ."—Iron. 

“ It  is  the  best  book  of  its  kind.” — Electrical  Engineer. 

"Well  arranged  and  compact.  The  * Electrical  Engineer’s  Pocket-Book  ' is  a good  one.”— 
Electrician. 

"Strongly  recommended  to  those  engaged  in  the  various  electrical  industries.” — Electrical 
Review. 

Electric  Lighting. 

ELECTRIC  LIGHT  FITTING  : A Handbook  for  Working 

Electrical  Engineers,  embodying  Practical  Notes  on  Installation  Manage* 
ment.  By  John  W.  Urquhart,  Electrician,  Author  of  “ Electric  Light,”  &c. 
With  numerous  Illustrations.  Crown  8vo,  5s.  cloth. 

"This  volume  deals  with  what  may  be  termed  the  mechanics  of  electric  lighting,  and  is 
addressed  to  m-n  who  are  already  engaged  in  the  work  or  are  training  for  it.  The  work  traverses 
a great  deal  of  ground,  and  may  be  read  as  a sequel  to  the  same  author’s  useful  work  on  * Electric 
Light.’  ” — Electrician. 

**  This  is  an  attempt  to  state  in  the  simplest  language  the  precautions  which  should  be  adopted 
in  installing  the  electric  light,  and  to  give  information,  for  the  guidance  of  those  who  have  to  run 
the  plant  when  installed.  The  book  is  well  worth  the  perusal  of  the  workmen  for  whom  it  is 
wiitten  ''—Electrical  Revieiu. 

“ We  have  read  this  book  with  a good  deal  of  pleasure.  We  believe  that  the  book  will  be  ot 
use  to  practical  workmen,  who  will  not  be  alarmed  by  nnding  mathematical  formula;  which  they 
are  unable  to  understand."— Electrical  Plant. 

" Eminently  practical  and  useful.  . . Ought  to  be  in  the  hands  of  everyone  in  charge  of 

an  electnc  light  plant.” — Electrical  Engineer. 

'*  Altogether  Mr.  Urquhart  has  succeeded  in  producing  a really  capital  book,  which  we  have 
no  hesitation  in  recommending  to  the  notice  of  working  electricians  and  electrical  engineers.’  — 
Mechanical  IVorlcL. 

Electric  Light. 

ELECTRIC  LIGHT  : Its  Production  and  Use.  Embodying  Plain 
Directions  for  the  Treatment  of  Dynamo-Electric  Machines,  Batteries, 
Accumulators,  and  Electric  Lamps.  By  J.  W.  Urquhart,  C.E.,  Author  of 
Electric  Light  Fitting,”  “ Electroplating,”  &c.  Fifth  Edition,  carefully 
Revised,  with  Large  Additions  and  145  Illustrations.  Crown  8vo,  7 s.  6 J.  cloth. 

f Just  published. 

" The  whole  ground  of  electric  lighting  is  more  or  less  covered  and  explained  in  a very  clear 
and  concise  manner." — Electrical  Review. 

"Contains  a good  deal  of  very  intcresfng  information,  especially  in  the  parts  where  the 
author  gives  dimensions  and  vorking  costs.”— Electrical  Engineer. 

" A miniature  vade-mecum  of  the  salient  facts  connected  with  the  science  of  electric  light- 
ing."— Electrician. 

"You  cannot  for  your  purpose  have  a better  book  than  'Electric  Light,’ by  Urquhart.’.’— 
Engineer. 

" The  book  is  by  far  the  best  that  we  have  yet  met  with  on  the  subject." — Athcnantm. 

Construction  of  Dynamos. 

DYNAMO  CONSTRUCTION  : A Practical  Handbook  for  the  Use 
of  Engineer  Constructors  and  Electricians-in-Charge.  Embracing  Frame- 
work Building,  Field  Magnet  and  Armature  Winding  and  Grouping,  Com- 
pounding, &c.  With  Examples  of  leading  English,  American,  and  Conti- 
nental Dynamos  and  Motors.  By  J.  W.  Urquhart,  Author  of  “Electric 
Light,”  " Electric  Light  Fitting,”  &c.  With  upwards  of  ioo  Illustrations 
Crown  8vo,  7s.  6 d.  cloth.  [Just  published. 

" Mr.  Urquhart’s  book  is  the  first  one  which  deals  with  these  matters  in  such  a way  that  the 
engineering  student  can  understand  them.  The  book  is  very  readable,  and  the  author  leads  his 
readers  up  to  difficult  subjects  by  reasonably  simple  tests  ."—Engineering  Review. 

" The  author  deals  with  his  subject  in  a style  so  popular  as  to  make  his  volume  a handbook  of 

great  practical  value  to  engineer  contractors  and  electricians  in  charge  of  lighting  installations  " 

Scotsman. 

"’Dynamo  Construction'  more  than  sustains  the  high  character  of  the  author’s  previous 
publications.  It  is  sure  to  be  widely  read  by  the  large  and  rapidly  increasing  number  of  nractinl 
elect  ricians.”— Glasgow  Herald. 

” A book  for  which  a demand  has  long  existed.” — Mechanical  World 
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Electric  Liyhling  of  Ships. 

ELECTRIC  SHIP-LIGHTING  : A Handbook  on  the  Practical 

Fitting  and  Running  of  Ship’s  Electrical  Plant.  For  the  Use  of  Shipowners 
and  Builders,  Marine  Electricians,  and  Sea-going  Engineers  in  Charge.  By 
J.  W.  Urquhart,  C.E.,  Author  of  Electric  Light,”  &c.  With  numerous 
Illustrations.  Crown  8vo,  7s.  6d.  cloth.  [ Just  published. 

“ The  subject  of  ship  electric  lighting  is  one  of  vast  importance  in  these  days,  and  Mr.  Urqu 
hart  is  to  be  highly  complimented  for  placing  such  a valuable  work  at  the  service  of  the  practical 
marine  electrician." — The  Steamship. 

“ Distinctly  a book  which  of  its  kind  stands  almost  alone,  and  for  which  there  should  be  a 
demand." — Electrical  Review. 

Electric  Lighting. 

THE  ELEMENTARY  PRINCIPLES  OF  ELECTRIC  LIGHT - 

ING.  By  Alan  A.  Campbell  Swinton,  Associate  I.E.E.  Second  Edition, 
Enlarged  and  Revised.  With  16  Illustrations.  Crown  8vo,  is.  6 d.  cloth. 

“ Anyone  who  desires  a short  and  thoroughly  clear  exposition  of  the  elementary  principles  of 
electric-lighting  cannot  do  better  than  read  this  little  work." — Bradford  Observer . 

Dynamic  Electricity. 

THE  ELEMENTS  OF  DYNAMIC  ELECTRICITY  AND 
MAGNETISM.  By  Philip  Atkinson,  A.M.,  Ph.D.,  Author  of  “ Elements 
of  Static  Electricity,”  “ The  Elements  of  Electric  Lighting,”  &c.  &c.  Crown 
8vo,  417  pp.,  with  120  Illustrations,  ios.  6 d.  cioth. 

Dynamo  Construction. 

HOW  TO  MAKE  A DYNAMO  : A Practical  Treatise  for  Amateurs. 
Containing  numerous  Illustrations  and  Detailed  Instructions  for  Construct- 
ing a Small  Dynamo,  to  Produce  the  Electric  Light.  By  Alfred  Crofts. 
Fourth  Edition,  Revised  and  Enlarged.  Crown  8vo,  2 s.  cloth.  [ Just  published. 
“The  instructions  given  m this  unpretentious  little  book  are  sufficiently  clear  and  explicit  to 
enable  any  amateur  mechanic  possessed  of  average  skill  and  the  usual  tools  to  be  found  in  an 
amateur’s  workshop,  to  build  a practical  dynamo  machine." — Electrician. 

Teort  Book  of  Electricity. 

THE  STUDENT’S  TEXT-BOOK  OF  ELECTRICITY.  By 
Henry  M.  Noad,  Ph.D.,  F.R.S.  New  Edition,  carefully  Revised.  With 
Introduction  and  Additional  Chapters,  by  W.  H.  Preece,  M.I.C.E., Vice- 
President  of  Society  of  Telegraph  Engineers,  &c.  With  470  Illustrations. 
Crown  8vo,  12 s.  6 d.  cloth. 

“ We  can  recommend  Dr.  Noad’s  book  for  clear  style,  great  range  of  subject,  a good  index, 
and  a plethora  of  woodcuts.  Such  collections  as  the  present  are  indispensable.  —Athenanm. 

“ An  admirable  text-book  for  every  student  — beginner  or  advanced  — of  electricity." — 
Engineering. 

Electricity. 

A MANUAL  OF  ELECTRICITY : Including  Galvanism,  Mag- 
netism, Dia-Magnetism,  Electro-Dynamics,  il agno-Electricity,  and  the  Electric 
Telegraph.  By  Henri  M.  Noad,  Ph.D.,  F.R.S. , F.C.S.  Fourth  Edition. 
With  500  Woodcuts.  8vo,  £i  4 s.  cloth. 

***  This  is  the  original  work  0/  Dr.  Noad  ( published  in  1859)  upon  which  the 
Student’s  Text-Book  (see  above)  may  be  said  to  be  founded.  Very  jew  copies 
of  it  are  left. 

A New  Dictionary  of  Electricity . 

THE  STANDARD  ELECTRICAL  DICTIONARY.  A Popu- 
lar Dictionary  of  Words  and  Terms  Used  in  the  Practice  of  Electric  Engi- 
neering. By  T.  O’Connor  Sloane,  A.M.,  Ph.D.,  Authrr  of  “The  Arithmetic 
of  Electricity,”  &c.  Cr.  8vo,  630  pp.,  350  Illusts.,  12s.  6 d.  cl.  [Just  published. 
Note.— The  purpose  of  this  work  is  to  Present  the  public  with  a concise  and 
practical  book  of  reference.  . . . Each  title  or  subject  is  defined  once  in  the  text, 

and  where  a title  Is  synonymous  with  one  or  more  others  the  definition  is  given 
under  one  title,  and  the  others  appear  at  the  foot  of  the  article  as  synonyms.  The 
work  comprises  upwards  of  3,000  definitions,  and  will  be  found  indispensable  by  all 
■who  are  interested  in  electrical  science  and  desire  to  keep  abreast  with  the  progress 
of  the  times. 

An  encyclopedia  of  electrical  science  in  the  compass  of  a dictionary.  The  information 
given  is  sound  and  clear.  The  book  is  well  printed,  well  illustrated,  and  well  up  to  date,  anu  may 
he  .onfidentiy  recommended." — Builder. 
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Sir  TVm.  Chambers’s  Treatise  on  Civil  Architecture. 
THE  DECORATIVE  BART  OB  CIVIL  ARCHITECTURE. 
By  Sir  William  Chambers,  F.R.S.  With  Portrait,  Illustrations,  Notes,  and 
au  Examination  of  Grecian  Architecture,  by  Joseph  Gwilt,  F.S.A  Revised 
and  Edited  by  W.  H.  Leeds,  with  a Memoir  of  the  Author.  66  Plates,  4to, 
215.  Cloth. 


Mechanics  for  Architects. 

THE  MECHANICS  OF  ARCHITECTURE  : A Treatise  on 
Applied  Mechanics,  especially  Adapted  to  the  Use  of  Architects.  By  E.  W. 
Tarn,  M.A.,  Author  of  “ The  Science  of  Building,"  &c.  Illustrated  with 
125  Diagrams.  Crown  8vo,  ys.  6 d.  cloth.  [Just  published. 

Summary  of  Contents. 


Chap.  I.  Forces  in  Equilibrium. — I 
II.  Moments  of  Forces. — III.  Centre 
of  Gravity. — IV.  Resistance  of  Ma- 
terials to  Stress. — V.  Deflection 
of  Beams. — VI.  Strength  of  Pil-  J 
cars. — VII.  Roofs,  Trusses. — VIII.  1 


Arches.  — IX.  Domes,  Spires.  — X. 
Buttresses,  Shoring,  Retaining 
Walls,  Foundations. — XI.  Effect 
of  Wind  on  Buildings.  — XII.  Mis; 
cellaneous  Examples  and  Solu- 
tions. 


Villa  Arch  Hectare. 

A HANDY  BOOK  OF  VILLA  ARCHITECTURE  : Being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With  Outline 
Specifications  and  Estimates.  By  C.  Wickes,  Architect,  Author  of  ‘‘The 
Spires  and  Towers  of  England,”  &c.  61  Plates,  4to,  £1  ns.  6 d.  half-morocco, 
gilt  edges. 

" The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic  architect,  and 
they  will  prove  very  vaJuable  and  suggestive." — Building  Mews. 


Text-Book  for  Architects. 

THE  ARCHITECT'S  GUIDE:  Being  a Text-Book  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contractors,  Clerks  of 
Works,  &c.  &c.  By  Frederick  Rogers,  Architect.  Author  of  “Specifi- 
cations for  Practical  Architecture,”  &c.  Second  Edition.  Revised  and 
Enlarged.  With  numerous  Illustrations.  Crown  8vo,  6s.  cloth. 

" As  a text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c.,  it  would  be 
hard  to  find  a handier  or  more  complete  little  volume.” — Standard. 

Tat/lor  and  Cresy’s  Rome. 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By 

the  late  G.  L.  Taylor,  Esq.,  F.R.I.B.A.,  and  Edward  Cresy,  Esq.  New 
Edition,  thoroughly  Revised  by  the  Rev.  Alexander  Taylor,  M.A.  (son  of 
the  late  G.  L.  Taylor,  Esq.),  Fellow  of  Queen's  College,  Oxford,  and  Chap- 
lain of  Gray’s  Inn.  Large  folio,  with  13c  Plates,  £3  35.  half-bound. 

“Taylor  and  Cresy’s  work  has  trora  its  nrst  puDltcanon  Keen  ranked  among  tnose  professional 
books  which  cannot  be  bettered.  ...  It  would  be  difficult  to  find  examples  of  drawings,  even 
rmong  those  of  the  most  painstaking  students  of  Gothic,  more  thoroughly  worked  out  than  are  the 
one  hundred  and  thirty  plates  in  this  volume." — Architect. 


Linear  Perspective. 

ARCHITECTURAL  PERSPECTIVE  : The  whole  Course  and 
Operations  of  the  Draughtsman  in  Drawing  a Large  House  in  Linear  Per- 
spective. Illustrated  by  39  Folding  Plates.  By  F.  O.  Ferguson.  Demy 
8vo,  35.  6 d.  boards.  published. 

•'  In  a series  of  graphic  illustrations  of  the  actual  processes  the  author  shows  the  practical  part  of 
the  art.  It  is  all  so  easy  and  so  clear  that  a child  could  follow  him,  and  generations  of  students  yet 
unborn  will  bless  the  name  of  Ferguson.  . . . It  is  tile  most  intelligible  of  tile  treatises  on  this 
til  treated  subject  that  I have  met  with.'  — E.  INGRESS  Hell,  Esq.,  in  the  R.l.B.A.  journal. 

Architectural  Drawing. 

PRACTICAL  RULES  ON  DRAWING,  for  the  Operative  Builder 

and  Young  Student  in  Architecture.  By  George  Pyne.  With  14  Plates.  410, 
75.  6 cl.  boards. 


Vitruvius’  Architecture. 

THE  ARCHITECTURE  of  MARCUS  VITRUVIUS  POLLIO. 

Translated  by  Joseph  Gwilt,  F.S.A.,  F.R.A.S.  New  Edition,  Revised  by 
the  Translator.  With  23  Plates.  Fcap.  8vo,  5s.  cloth. 
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The  New  Builder’s  Price  Booh,  ISO!}. 

LOCKWOOD'S  BUILDER'S  PRICE  BOOK  FOR  1893.  A 
Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders, 
Architects,  Engineers,  and  Contractors.  Re-constructed , Re-written,  and 
Greatly.  Enlarged,  By  Francis  T.  W.  Miller.  640  closely-printed  pages, 
crown  8vo,  4s.  cloth. 

***  Opinions  of  the  Press. 

“ This  book  is  a very  useful  one,  and  should  find  a place  ui  every  English  office  connected  with 
the  building  and  engineering  professions." — Industries. 

“ This  Price  Book  has  been  set  up  in  new  type.  . . . Advantage  has  been  taken  of  the 
transformation  to  add  much  additional  information,  and  the  volume  is  now  an  excellent  book  of 
reference.  "—A  rchitect. 

In  its  new  and  revised  form  this  Price  Book  is  what  a work  of  this  kind  should  be— compre- 
hensive, reliable,  well  arranged,  legible,  and  well  bound.’ — British  Architect. 

“ A work  of  estaolished  reputation.” — Athencntm. 

Designing,  Measuring,  and  Valuing. 

THE  STUDENTS  GUIDE  to  the  PRACTICE  of  MEASUR- 
ING AND  VALUING  ARTIFICERS'  WORK.  Containing  Directions  for 
taking  Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into 
Bill,  with  Tables  of  Constants  for  Valuation  of  Labour,  and  for  the  Calcula- 
tion of  Areas  and  Solidities.  Originally  edited  by  Edward  Dobson,  Architect. 
With  Additions  on  Mensuration  and  Construction,  and  a New  Chapter  on 
Dilapidations,  Repairs,  and  Contracts,  by  E.  Wyndham  Tarn,  M.A.  Sixth 
Edition,  including  a Complete  Form  of  a Bill  of  Quantities.  With  8 Plates  and 
63  Woodcuts.  Crown  8vo,  7s.  6 d.  cloth. 

’*  Well  fulfils  the  promise  of  its  title-page,  and  we  can  thoroughly  recommend  it  to  the  class 
for  whose  use  it  has  been  compiled.  Mr.  Tarn's  additions  and  revisions  have  much  increased  the 
usefulness  of  the  work,  and  have  especially  augmented  its  value  to  students.” — Engineering. 

“This  edition  will  be  found  the  most  complete  treatise  on  the  principles  of  measuring  and 
valuing  artificers’  work  that  has  yet  been  published.” — Building  Nevis. 

Pochel  Estimator  and  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE , MEASURER,  AND 

ESTIMATOR  FOR  BUILDERS  AND  SURVEYORS.  Containing  Tech- 
nical  Directions  for  Measuring  Work  in  all  the  Building  Trades,  Complete 
Specifications  for  Houses,  Roads,  and  Drains,  and  an  easy  Method  of  Estimat- 
ing the  parts  cf  a Building  collectively.  By  A.  C.  Beaton,  Author  of 
“ Quantities  and  Measurements.”  Sixth  Edition.  With  53, Woodcuts.  Waist- 
coat-pocket size,  is.  6 d.  gilt  edges. 

*'  No  builder,  architect,  surveyor,  or  valuer  should  be  without  his  * Beaton.’  ” — Buildttig Nrws. 
'*  Contains  an  extraordinary  amount  of  information  in  daily  requisition  in  measuring  and 
estimating.  Its  presence  in  the  pocket  will  save  valuable  time  and  trouble.” — B uilding  World. 

Donaldson  on  Specifications. 

THE  HANDBOOK  OF  SPECIFICATIONS ; or,  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing  up 
Specifications  and  Contracts  for  Works  and  Constructions.  Illustrated  by 
Precedents  of  Buildings  actually  executed  by  eminent  Architects  and  En- 
gineers. By  Professor  T.  L.  Donaldson,  P.R.I.B.A.,  &c.  New  Edition.  In 
One  large  Vol.,  8vo,  with  upwards  of  i,ooo  pages  of  Text,  and  33  Plates, 
£ 1 ns.  6 d.  cloth. 

'*  In  this  work  forty-four  specifications  of  executed  works  are  given.  Including  the  specifica- 
tions for  parts  of  the  new  Houses  of  Parliament,  by  Sir  Charles  Barry,  and  for  the  new  Royal 
Exchange,  by  Mr.  Tite,  M.P.  The  latter,  in  particular,  is  a very  complete  and  remarkable 
document.  It  embodies,  to  a great  extent,  as  Sir.  Donaldson  mentions,  ‘the  bill  of  quantities 
with  the  description  of  the  works.’  . . . It  is  valuable  as  a record,  and  more  valuable  still  as  a 
book  of  precedents.  . . . Suffice  it  to  say  that  Donaldson’s  ' Handbook  of  Specifications  ” 
must  be  bought  by  all  architects.” — Builder . 

Bartholomew  and  Rogers’  Specifications. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE. 
A Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.  With  an  Essay 
on  the  Structure  and  Science  of  Modern  Buildings.  Upon  the  Basis  of  the 
Work  by  Alfred  Bartholomew,  thoroughly  Revised,  Corrected,  and  greatly 
added  to  by  Frederick  Rogers,  Architect.  Third  Edition.  Revised,  with 
Additions.  With  numerous  Illustrations.  Medium  8vo,  15s.  cloth. 

" The  collection  of  specifications  prepared  by  Mr.  Rogers  on  the  basis  of  Bartholomew’s  work 
Is  too  well  known  to  need  any  recommendation  from  us.  It  is  one  of  the  books  with  which  every 
voting  architect  must  be  equipped  ; for  time  has  shown  that  the  specifications  cannot  be  set  aside 
through  any  defect  in  them." — Architect. 


ARCHITECTURE,  BUILDING , etc. 
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Construction. 

THE  SCIENCE  OF  BUILDING  : An  Elementary  Treatise  on. 
the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A.,  Architeci 
Third  Edition,  Revised  and  Enlarged.  With  59  Engravings.  Fcap.  8vo,  4s.  cl. 

••  A very  valuable  book,  which  we  strongly  recommend  to  all  students."—  Builder 

••No  architectural  student  should  be  without  this  handbook  of  constructional  knowledge. 

si  rcnuect. 


House  Building  and  Repairing. 

THE  HOUSE-OIVNER’S  ESTIMATOR  ; or,  What  will  it  Cost 
to  Build,  Alter,  or  Repair?  A Price  Book  adapted  to  the  Use  of  Unpro- 
fessional People,  as  well  as  for  the  Architectural  Surveyor  and  Builder.  By 
James  D.  Simon.  A.R.I.B.A.  Edited  and  Revised  by  Francis  T.  W.  Miller, 
A. R.l.B.A.  With  numerous  Illustrations.  Fourth  Edition,  Revised.  Crown 
8vo,  3s.  6 d.  cloth. 

“In  two  years  it  will  repay  Its  cost  a hundred  times  over.” — Field. 

**  A very  handy  book.” — English  Mechanic. 

Cottages  and  Villas. 

COUNTRY  AND  SUBURBAN  COTTAGES  AND  VILLAS  : 
How  to  Plan  and  Build  Them.  Containing  33  Plates,  with  Introduction, 
General  Explanations,  and  Description  of  each  Plate.  By  James  W.  Bogue, 
Architect,  Author  of  “ Domestic  Architecture,"  &c.  4to,  10s.  6 d.  cloth. 


Building  ; Civil  and  Ecclesiastical. 

A BOOK  ON  BUILDING , Civil  and  Ecclesiastical,  including 
Church  Restoration  ; with  the  Theory  of  Domes  and  the  Great  Pyramid,  &c. 
By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  F.R. A. S.,  Author  of  “Clocks  and 
Watches,  and  Bells,”  See.  Second  Edition,  Enlarged.  Fcap.  8vo,  5s.  cloth. 
**  A book  which  is  always  amusing  and  nearly  always  instructive.  The  style  throughout  is  in 
the  highest  degree  condensed  and  epigrammatic.” — Times. 

Ventilation  of  Buildings. 

VENTILATION . A Text  Book  to  the  Practice  of  the  Art  of 
Ventilating  Buildings.  With  a Chapter  upon  Air  Testing.  By  W.  P.  Buchan, 
R.P.,  Sanitary  and  Ventilating  Engineer,  Author  of  “ Plumbing,"  &c.  With 
170  Illustrations.  i2mo,  4s.  cloth  boards. 

“ Contains  a great  amount  of  useful  practical  information,  as  thoroughly  interesting  as  it  is 
technically  reliable,  and  * Ventilation  ’ forms  a worthy  companion  volume  to  the  anthor’s  excellent 
treatise  on  ‘Plumbing.'  ” — British  Architect. 

“ It  is  invaluable  alike  for  the  architect  and  builder,  and  should  be  in  the  hands  of  everyone 
who  has  to  deal  in  any  way  with  the  subject  of  ventilation.”— Metropolitan. 

The  Art  of  Plumbing. 


PLUMBING.  A Text  Book  to  the  Practice  of  the  Art  or  Craft  of 
the  Plumber , with  Supplementary  Chapters  on  House  Drainage , embodying  the 
latest  Improvements.  By  William  Paton  Buchan,  R.P.,  hanitary  Engineer 
and  Practical  Plumber.  Sixth  Edition,  Enlarged  to  370  pages,  and  380 
Illustrations.  i2mo,  4s.  cloth  boards. 

“A  text-book  ivhich  may  be  safely  put  in  the  hands  of  every  young  plumber,  and  which  will 
also  be  found  useful  by  architects  and  medical  professors.”—  Builder. 

“ A valuable  text-book,  and  the  only  treatise  which  can  be  regarded  as  a really  reliable  manua 
of  the  plumber’s  art." — Building  News. 


Geometry  for  the  Architect,  Engineer,  etc. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic.  Giving  Rules  for  the  Delineation  and  Application  of  various 
l Geometrical  Lines,  Figures  and  Curves.  By  E.  W.  Tarn,  M.A.,  Architect, 
Author  of  "The  Science  of  Building,"  &c.  Second  Edition.  With  172  Illus- 
trations. Demy  8vo,  gs.  cloth. 

" N'p  book  with  the  same  objects  in  view  has  ever  been  published  In  which  the  clearness  of  the 
rules  laid  down  and  the  illustrative  diagrams  have  been  so  satisfactory." — Scotsman. 


The  Science  of  Geometry. 

THE  GEOMETRY  OF  COMPASSES ; or,  Problems  Resolved 
by  the  mere  Description  of  Circles,  and  the  use  of  Coloured  Diagrams  and 
Symbols.  By  Oliver  Byrne.  Coloured  Plates.  Crown  8vo,  3s.  6rf.  cloth. 

'•  The  treatise  is  a good  one,  and  remarkable— like  all  Mr.  Byrne’s  contributions  to  the  science 
of  geometry— for  the  lucid  character  of  its  teaching.”— Building  News. 
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CARPENTRY,  TIMBER,  etc. 

Tredgolcl’s  Carpentry , Hevised  & Enlarged  by  Tarn. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY . 

A Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resist- 
ance of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Roots, 
Uniting  Iron  and  Stone  with  Timber,  & c.  To  which  is  added  an  Essay 
on  the  Nature  and  Properties  of  Timber,  &c.,  with  Descriptions  of  the  kinds 
of  Wood  used  in  Building;  also  numerous  Tables  of  the  Scantlings  of  Tim- 
ber for  different  purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas 
Tredgold,  C.E.  With  an  Appendix  of  Specimens  of  Various  Roofs  of  Iron 
and  Stone,  IUustiated.  Seventh  Edition,  thoroughly  revised  and  considerably 
enlarged  by  E.  Wyndham  Tarn,  M.A.,  Author  of  “The  Science  of  Build- 
ing,” &c.  With  61  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.  In 
One  large  Vol.,  4to,  price  £i  5 s.  cloth. 

” Ought  to  be  in  every  architect's  and  every  builder's  library." — Builder. 

“ A work  whose  monumental  excellence  must  commend  it  wherever  skilful  carpentry  ts  con- 
cerned. The  author's  principles  are  rather  confirmed  than  impaired  by  time.  The  additional 
plates  are  of  great  intrinsic  value.” — Building  News. 

Woodworking  Machinery. 

WOODWORKING  MACHINERY : Its  Rise,  Progress,  and 
Construction.  With  Hints  on  the  Management  of  Saw  Mills  and  the  Economi- 
cal Conversion  ol  Timber.  Illustrated  with  Examples  of  Recent  Designs  by 
leading  English,  French,  and  American  Engineers.  By  M.  Powis  Bale, 
A.M.lnst.C.E.,  M.I.M.E.  Large  crown  8vo,  12s.  6d . cloth. 

" Mr.  Bale  is  evidently  an  expert  on  the  subject  and  he  has  collected  so  much  information  that 
his  book  is  all-sufficient  for  builders  and  others  engaged  in  the  conversion  of  timber." — Architect. 

“The  most  comprehensive  compendium  of  wood- working  machinery  we  have  seen.  The 
author  is  a thorough  master  of  his  subject.” — Building  News. 

“ It  should  be  in  the  office  of  every  wood-working  factory." — English  Mechanic. 

Saw  Mills. 

SAW  MILLS  : Their  Arrangement  and  Management,  and  the 
Economical  Conversion  of  Timber.  (A  Companion  Volume  to  “ Wood  work- 
ing Machinery.*’)  By  M.  Powis  Bale.  With  numerous  Illustrations.  Crown 
8vo,  10s.  6d.  cloth. 

“ The  administration  of  a large  sawing  establishment  is  discussed,  and  the  subject  examined 
from  a financial  standpoint.  Hence  the  size,  shape,  order,  and  disposition  of  saw-mills  and  the 
tike  are  gone  into  in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its  delivery 
in  its  converted  state.  We  could  not  desire  a more  complete  or  practical  treatise." — Builder. 

“We  highly  recommend  Mr.  Bale’s  work  to  the  attention  and  perusal  of  all  those  who  are  en- 
gaged in  the  art  of  wood  conversion,  or  who  are  about  building  or  remodelling  saw-mills  on  im- 
proved principles." — Building  News. 

Nicholson's  Carpentry. 

THE  CARPENTER'S  NEW  GUIDE  ; or,  Book  of  Lines  for  Car- 
penters; comprising  all  the  Elementary  Principles  essential  for  acquiring 
knowledge  of  Carpentry.  Founded  on  the  late  Peter  Nicholson’s  Standard 
Work.  A New  Edition,  Revised  by  Arthur  Ashpitel,  F.S.A.  Together 
with  Practical  Rules  on  Drawing,  by  George  Pynb.  With  74  Plates, 
4to,  £1  is.  cloth. 

Handrailing  and  Stairbuilding. 

A PRACTICAL  TREATISE  ON  HANDRAILING  : Showing 
New  and  Simple  Methods  tor  Finding  the  Pitch  of  the  Plank,  Drawing  the 
Moulds,  Bevelling,  Jointing-up,  and  Squaring  the  Wreath.  By  George 
Collings.  Second  Edition,  Revised  and  Enlarged,  to  which  is  added  A 
Treatise  on  Stairbuilding.  With  Plates  and  Diagrams,  umo,  2s.  64. 
cloth  limp. 

“Will  be  found  of  practical  utility  in  the  execution  of  this  difficult  branch  of  joinery."— Buil.ier. 
" Almost  every  difficult  phase  of  this  somewhat  intricate  branch  of  joinery  is  elucidated  by  the 
add  of  plates  and  explanatory  letterpress." — Furniture  Gazette. 

i Ill  //  T I Vi  1 ’ 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY:  A 

Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.  By 
George  Collings,  Author  of  “ A Practical  Treatise  on  Handrailing.”  Illus- 
trated with  numerous  Diagrams.  Second  Edition.  i2mo,  25.  64.  cloth  limp. 
" An  excellent  example  of  what  a book  of  this  kind  should  be.  Cheap  in  price,  clear  in  defini- 
tion and  practical  in  the  examples  selected.”—  Builder. 


CARPENTRY,  TIMBER,  etc. 
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Timber  Merchant’s  Companion. 

THE  TIMBER  MERCHANT'S  AND  BUILDER’S  COM- 
PANION. Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and 
Measurement  of  Deals  and  Battens,  of  all  sizes,  from  One  to  a Thousand 
Pieces,  and  the  relative  Price  that  each  size  bears  per  Lineal  Foot  to  any 
given  Price  per  Petersburg  Standard  Hundred  ; the  Price  per  Cube  Foot  of 
Square  Timber  to  any  given  Price  per  Load  of  50  Feet;  the  proportionate 
Value  of  Deals  and  Battens  by  the  Standard,  to  Square  Timber  by  the  Load 
ot  50  Feet;  the  readiest  mode  of  ascertaining  the  Price  of  Scantling  per 
Lineal  Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot,  &c.  &c.  By 
William  Dowsing.  Fourth  Edition,  Revised  and  Corrected.  Cr.8vo,  3s.  cl. 

'■  Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  no  doubt  that 
every  timber  merchant  and  builder  ought  to  possess  it.” — Hull  Advertiser . 

" We  are  glad  to  see  a fourth  edition  of  these  admirable  tables,  which  for  correctness  and 
simplicity  of  arrangement  leave  nothing  to  be  desired." — Timber  Trades  Journal. 

Practical  Timber  Merchant. 

THE  PRACTICAL  TIMBER  MERCHANT.  Being  a Guide 
for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &c.,  comprising 
useful  Tables  for  all  purposes  connected  with  the  Timber  Trade,  Marks  of 
Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of  Timber, 
&c.  By  W.  Richardson.  Fcap.  8vo,  3s.  6d.  cloth. 

“ This  handy  manual  contains  much  valuable  information  for  the  use  of  timber  merchants, 
builders,  foresters,  and  all  others  connected  with  the  growth,  sale,  and  manufacture  of  timber.  — 
Journal  0/  Forestry. 

Timber  Freight  Book. 

THE  TIMBER  MERCHANT’S,  SAW  MILLER'S,  AND 
IMPORTER’S  FREIGHT  BOOK  AND  ASSISTANT.  Comprising  Rules, 
Tables,  and  Memoranda  relating  to  the  Timber  Trade.  By  William 
Richardson,  Timber  Broker;  together  with  a Chapter  on  “Speeds  of  Saw 
Mill  Machinery,’’  by  M.  Powis  Bale,  M.I.M.E.,  &c.  izmo,  3s.  6 cl.  cl.  boards. 

"A  very  useful  manual  of  rules,  tables,  and  memoranda  relating  to  the  timber  trade.  We  re- 
commend it  as  a compendium  of  calculation  to  all  timber  measurers  and  merchants,  and  as  supply- 
ing a real  want  in  the  trade.” — Building  News. 

Packing-Case  Makers,  Tables  for. 

PACKING-CASE  TABLES ; showing  the  number  of  Super- 
ficial Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and  upwards. 
By  W.  Richardson,  Timber  Broker.  Third  Edition.  Oblong  qto,  3s.  td.  cl. 
" Invaluable  labour-saving  tables.” — Ironmonger. 

"Will  save  much  labour  and  calculation.” — Grocer . 

Superficial  Measurement. 

THE  TRADESMAN’S  GUIDE  TO  SUPERFICIAL  ME  A- 

SUREMENT.  Tables  calculated  from  i to  200  inches  in  length,  by  1 to  108 
inches  in  breadth.  For  the  use  of  Architects,  Surveyors,  Engineers,  Timber 
Merchants,  Builders,  &c.  By  James  Hawkings.  Fourth  Edition.  Fcap., 
3$.  6 d.  cloth. 

" A useful  collection  of  tables  to  facilitate  rapid  calculation  of  surfaces.  The  exact  area  of  any 
sarface  of  which  the  limits  have  been  ascertained  can  be  instantly  determined.  The  book  will  be 
found  of  the  greatest  utility  to  all  engaged  in  building  operations." — Scotsman. 

" These  tables  will  be  found  of  ^reat  assistance  to  all  who  require  to  make  calculations  in  super- 
ficial measurement.  '—English,  Mechanic. 

Forestry. 

THE  ELEMENTS  OF  FORESTRY.  Designed  to  afford  In- 
formation  concerning  the  Planting  and  Care  of  Forest  Trees  for  Ornament  or 
Profit,  with  Suggestions  upon  the  Creation  and  Care  of  Woodlands.  By  F.  B. 
Hough.  Large  crown  8vo,  ios.  cloth. 

Timber  Importer’s  Guide. 

THE  TIMBER  IMPORTER ' S , TIMBER  MERCHANT’S,  AND 
BUILDER'S  STANDARD  GUIDE.  By  Richard  E.  Grandy.  Compris- 
ing an  Analysis  of  Deal  Standards,  Home  and  Foreign,  with  Comparative 
Values  and  Tabular  Arrangements  for  fixing  Net  Landed  Cost  on  Baltic 
and  North  American  Deals,  including  all  intermediate  Expenses,  Freight 
Insurance,  &c.  &c.  Together  with  copious  Information  for  the  Retailer  and 
Builder.  Third  Edition,  Revised.  i2mo,  2 s.  cloth  limp. 

'•  Everything  it  pretends  to  he : built  up  gradually,  It  leads  one  from  a forest  to  a treenail,  and 
throws  in,  as  a makeweight,  a host  of  material  concerning  bricks,  columns,  cisterns,  &c.'  —English 
Mechanic.  A 
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DECORATIVE  ARTS,  etc. 


Woods  and  Marbles  (Imitation  of). 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF  WOODS 

AND  MARBLES,  as  Taught  and  Practised  by  A.  R.  Van  der  Burg  and  P. 
Van  der  Burg,  Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio, 
iSi  by  12^  in.,  Illustrated  with  24  full-size  Coloured  Plates;  also  12  plain 
Plates,  comprising  154  Figures.  Second  and  Cheaper  Edition.  Price  £1  ns.6d. 


List  of  Plates. 


i.  Various  Tools  required  for  Wood  Painting 
— 2,  3.  Walnut:  Preliminary  Stages  of  Graining 
and  Finished  Specimen  — 4.  Tools  used  for 
Marble  Painting  and  Methoa  of  Manipulation — 
5,  6.  St.  Remi  Marble:  Earlier  Operations  and 
finished  Specimen — 7.  Methods  of  Sketching 
different  Grains,  Knots,  &c. — 8.  9.  Ash:  Pre- 
liminary Stages  and  Finished  Specimen  — 10. 
Methods  of  Sketching  Marble  Grains — ir,  12. 
Breche  Marble:  Preliminary  Stages  of  Working 
and  Finished  Specimen— 13.  Maple : Methods 
of  Producing  the  different  Grains — 14, 15.  Bird’s- 
eye  Maple:  Preliminary  Stages  and  Finished 
Specimen — 16.  Methods  of  Sketching  the  dif- 
ferent Species  of  White  Marble — 17,  18.  White 
Marble:  Preliminary  Stages  of  Process  and 


Finished  Specimen— 19.  Mahogany:  Specimens 
of  various  Grains  and  Methods  of  Manipulation 
— 20,  21.  Mahogany:  Earlier  Stages  and  Finished 
Specimen — 22,23,  24.  Sienna  Marble:  Varieties 
of  Grain,  Preliminary  Stages  and  Finished 
Specimen — 25,  26,  27.  Juniper  Wood  : Methods 
of  producing  Grain,  &c. : Preliminary  Stages 
and  Finished  Specimen — 28,  29,  30.  Vert  de 
Mer  Marble:  Varieties  of  Grain  and  Methods 
of  Working  Unfinished  and  Finished  Speci- 
mens— 31.  32.  33.  Oak:  Varieties  of  Grain,  Tools 
Employed,  and  Methods  of  Manipulation,  Pre- 
liminary Stages  and  Finished  Specimen — 34,  35, 
36.  Waulsort  Marble:  Varieties  of  Grain,  Un- 
finished and  Finished  Specimens. 


***  Opinions  of  the  Press. 

"Those  who  desire  to  attain  skill  in  the  art  of  painting  woods  and  marbles  will  find  advantage 
In  consulting  this  book.  . . . Some  of  the  Working  Men’s  Clubs  should  give  tneir  young  men 
the  opportunity  to  study  it." — Builder. 

" A comprehensive  guide  to  the  art.  The  explanations  of  the  processes,  the  manipulation  and 
management  of  the  colours,  and  the  beautifully  executed  plates  will  not  be  the  least  valuable  to  the 
student  who  aims  at  making  his  work  a faithful  transcript  of  nature." — Building  News. 


Mouse  Decoration. 

ELEMENTARY  DECORATION.  A Guide  to  the  Simpler 

Forms  of  Everyday  Art,  as  applied  to  the  Interior  and  Exterior  Decoration  of 
Dwelling  Houses,  &c.  Together  with  PRACTICAL  HOUSE  DECORA- 
TION : A Guide  to  the  Art  of  Ornamental  Painting,  the  Arrangement  of 
Colours  in  Apartments,  and  the  principles  of  Decorative  Design.  By  James 
W.  Facey.  With  numerous  Illustrations.  In  One  Vol.,  5s.  strongly  half- 
bound. 

Mouse  Painting,  draining , etc. 

HOUSE  PAINTING.  GRAINING.  MARBLING.  AND  SIGN 

WRITING,  A Practical  Manual  of.  By  Ellis  A.  Davidson,  Sixth  Edition. 
With  Coloured  Plates  and  Wood  Engravings.  i2mo,  6s.  cloth  boards. 

“ A mass  of  information,  of  use  to  the  amateur  and  of  value  to  the  practical  man.” — English 
Mechanic. 

"Simply  invaluable  to  the  youngster  entering  upon  this  particular  calling,  and  highly  service- 
able to  the  man  who  is  practising  it." — Furniture  Gazette. 

Decorators,  Peceijits  for. 

THE  DECORATOR'S  ASSISTANT : A Modern  Guide  to  De- 
corative Artists  and  Amateurs,  Painters,  Writers,  Gilders,  & c.  Containing 
upwards  of  600  Receipts,  Rules  and  Instructions  ; with  a variety  of  Informa- 
tion for  General  Work  connected  with  every  Class  of  Interior  and  Exterior 
Decorations,  &c.  Fifth  Edition,  Revised.  152  pp.,  crown  8vo,  is.  in  wrapper. 

“ Full  of  receipts  of  value  to  decorators,  painters,  gilders,  &c.  _ The  book  contains  the  gist  of 
larger  treatises  on  colour  and  technical  processes.  It  would  be  difficult  to  meet  with  a work  so  full 
of  varied  information  on  the  painter's  art." — Building  News. 

JMoyr  Smith  on  Interior  Decoration. 

ORNAMENTAL  INTERIORS,  ANCIENT  AND  MODERN. 
By  J.  Moyr  Smith.  Super-royal  8vo,*with  32  full-page  Plates  and  numerous 
smaller  Illustrations,  handsomely  bound  in  cloth,  gilt  top,  price  18 s. 

" The  book  is  well  illustrated  and  handsomely  got  up,  and  contains  some  true  criticism  and  a 
good  many  good  examples  of  decorative  treatment.  — The  Builder. 

"To  all  who  take  an  interest  in  elaborate  domestic  ornament  this  handsome  volume  will  be 
welcome.’’ — Graphic. 
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British  and  Foreign  Marbles. 

MARBLE  DECORATION  and  the  Terminology  of  British  and 
Foreign  Marbles.  A Handbook  for  Students.  By  George  H.Blagrove, 
Author  of  “ Shoring  and  its  Application,"  &c.  With  28  Illustrations.  Crown 

Svo,  3s.  6 d.  cloth.  . . ...  . . 

••  This  most  useful  and  much  wanted  handbook  should  be  in  the  hands  of  every  architect  ana 
builder.” — Building  World.  _ 

“ A carefully  and  usefully  written  treatise  ; the  work  is  essentially  practical.  —Scotsman. 


Marble  Working,  etc. 

MARBLE  AND  MARBLE  WORKERS:  A Handbook  for 

Architects,  Artists,  Masons,  and  Students.  By  Arthur  Lee,  Author  of  “ A 
Visit  to  Carrara,"  “ The  Working  of  Marble,’’  &c.  Small  crown  8vo,  2 s.  cloth. 

“ A really  valuable  addition  to  the  technical  literature  of  architects  and  masons.”— Building 

News . 


DELAMOTTE'S  WORKS  ON  ILLUMINATION  AND  ALPHABETS. 


A PRIMER  OF  THE  ART  OF  ILLUMINATION,  for  the  Use  of 
Beginners  : with  a Rudimentary  Treatise  on  the  Art,  Practical  Directions  for 
its  Exercise,  and  Examples  taken  from  Illuminated  MSS., printed  in  Gold  and 
Colours.  By  F.  Delamotte.  New  and  Cheaper  Edition.  Small  4to,  6s.  orna- 
mental boards. 

" The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much  {rood  sense, 
the  author  chooses  from  collections  accessible  to  all,  are  selected  with  judgment  and  knowledge, 
as  well  as  taste." — Athcnaum. 

ORNAMENTAL  ALPHABETS,  Ancient  and  Medieval,  from  the 
Eighth  Century,  with  Numerals;  including  Gothic,  Church-Text,  large  and 
small,  German,  Italian,  Arabesque,  Initials  for  Illumination,  Monograms, 
Crosses,  &c.  &c.,  for  the  use  of  Architectural  and  Engineering  Draughtsmen, 
Missal  Painters,  Masons,  Decorative  Painters,  Lithographers,  Engravers, 
Carvers,  &c.  &c.  Collected  and  Engraved  by  F.  Delamotte,  and  printed  in 
Colours.  New  and  Cheaper  Edition.  Royal  8vo,  oblong,  2S.  6 d.  ornamental 
boards. 

•*  For  those  who  Insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop  legends  over 
shop-doors,  who  letter  church  walls  with  pithy  sentences  from  the  Decalogue,  this  book  will  be  use* 
tul." — Atluiucum. 

EXAMPLES  OF  MODERN  ALPHABETS,  Plain  and  Ornamental ; 
including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand,  Engrossing,  Tuscan,  Riband,  Gothic,'  Rustic,  and  Arabesque ; 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 
Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen,  Sur- 
veyors, Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers,  &c. 
Collected  and  Engraved  by  F.  Delamotte,  and  printeiLin  Colours.  New 
and  Cheaper  Edition.  Royal  8vo,  oblong,  2s.  6 d.  ornamental  boards. 

*'  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet  and 
numerals  can  be  formed,  and  the  talent  which  has  been  expended  in  the  conception  of  the  various 
plain  and  ornamental  letters  is  wonderful." — Standard. 

MEDIAEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS. By  F.  G.  Delamotte.  Containing  21  Plates  and  Illuminated 
Title,  printed  in  Gold  and  Colours.  With  an  Introduction  by  1.  Willis 
Brooks.  Fourth  and  Cheaper  Edition.  Small  4to,  4s.  ornamental  boards. 

'•  A volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and  all  the  colours 
of  the  prism  interwoven  and  intertwined  and  intermingled." — Sun. 

THE  EMBROIDERER’S  BOOK  OF  DESIGN.  Containing 
Initials,  Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiastical 
Devices,  Mediaeval  and  Modern  Alphabets,  and  National  Emblems.  Col- 
lected by  F.  Delamotte,  and  printed  in  Colours.  Oblong  royal  8vo,  is.  6 d. 
ornamental  wrapper. 

"The  book  will  be  of  great  assistance  to  ladles  and  young  children  who  are  endowed  with  the 
art  of  plying  the  needle  in  this  most  ornamental  and  useful  pretty  work." — East  Anglian  Times. 

Wood  Carving. 

INSTRUCTIONS  IN  WOOD-CARVING,  for  Amateurs ; with 
Hints  on  Design.  By  A Lady.  With  Ten  Plates.  New  and  Cheaper  Edition. 
Crown  8vo,  2s.  in  emblematic  wrapper. 

“ The  handicraft  of  the  wood-carver,  so  well  as  a book  can  Impart  It,  may  be  learnt  from  ' A 

Lady's*  publication."— Athcnaum. 
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The  Heavens  and  llieir  Origin. 

THE  VISIBLE  UNIVERSE:  Chapters  on  the  Origin  and 
Construction  of  the  Heavens.  By  J.  E.  Gore,  F.R.A.S.,  Author  of  “Star 
Groups,”  &c.  Illustrated  by  6 Stellar  Photographs  and  12  Lithographic 
Plates.  Demy  8vo,  16s.  cloth,  gilt  top.  [Just  published. 

“ A valuable  and  lucid  summary  of  recent  astronomical  theory,  rendered  more  valuable  and 
attractive  by  a series  of  stellar  photographs  and  other  illustrations.''—  The  Times. 

“ In  presenting  a clear  and  concise  account  of  the  present  state  of  our  knowledge,  Mr  Gore 
has  made  a valuable  addition  to  the  literature  of  the  subject." — Nature. 

" Mr.  Gore's  ' Visible  Universe ' is  one  of  the  finest  works  on  astronomical  science  that  has  re- 
cently appeared  in  our  language.  In  spirit  and  in  method  it  is  scientific  from  cover  to  cover  but 
the  style  is  so  clear  and  attractive  that  it  will  be  as  acceptable  and  as  readable  to  those  who  make 
no  scientific  pretensions  as  to  those  who  devote  themselves  specially  to  matters  astronomical."— 
Leeds  Mercury. 

" We  are  glad  to  bear  witness  to  the  fulness,  the  accuracy,  and  the  entire  honesty  of  the  latest 
and  the  best  compilation  of  the  kind  «vhich  has  appeared  of  late  years.  . . . The  illustrations 
are  also  admirable." — Daity  Chronicle. 

“ As  interesting  as  a novel,  and  instructive  withal ; the  text  being  made  still  more  luminous  bv 
stellar  photographs  and  other  illustrations.  . . . A most  valuable  book.”— Manchester  Examiner. 

The  Constellations. 

STAR  GROUPS:  A Student's  Guide  to  the  Constellations.  By 
J.  Ellard  Gore.F.R.A.S.,  M.R.I.A.,  &c.,  Author  of  “ The  Visible  Universe,” 
“ The  Scenery  of  the  Heavens."  With  30  Maps.  Small  4to,  5s.  cloth,  silvered. 
“ A knowledge  of  the  principal  constellations  visible  in  our  latitudes  may  be  easily  acquired  by 
the  thirty  maps  and  accompanying  text  contained  in  this  work.”— Nature. 

“ The  volume  contains  thirty  maps  showing  stars  of  the  sixth  magnitude— the  usual  naked-eve 
limit— and  each  is  accompanied  by  a brief  commentary,  adapted  to  facilitate  recognition  and  bring' 
to  notice  objects  of  special  interest.  For  the  purpose  of  a preliminary  survey  of  the  • midnight  pomp  ’ 
of  the  heavens,  nothing  could  be  better  than  a set  of  delineations  averaging  scarcely  twenty  square 
inches  in  area,  and  including  nothing  that  cannot  at  once  be  identified.” — Saturday  Review. 

“ A very  compact  and  handy  guide  to  the  constellations.’* — -Athenaeum. 

The  Microscope. 

THE  MICROSCOPE  : Its  Construction  and  Management,  in- 

eluding  Technique,  Photo-micrography,  and  the  Past  and  Future  of  the 
Microscope.  By  Dr.  Henri  van  Heurck,  Director  of  the  Antwerp  Botan- 
nical  Gardens.  English  Edition,  Re-Edited  and  Augmented  by  the  Author 
from  the  Fourth  French  Edition,  and  Translated  by  Wynne  E.  Baxter, 
F.R.M.S.,  F.G.S.,  &c.  About  400  pages,  with  Three  Plates  and  upwards  of 
250  Woodcuts.  Imp.  8vo,  18s.  cloth  gilt.  [Just  published. 

“ This  is  a translation  of  a well-known  work,  at  once  popular  and  comprehensive,  on  the  struc- 
ture, mechanism,  and  use  of  the  microscope.  Of  adequate  English  manuals  on  the  use  of  the 
microscope  there  is  certainly  no  lack  ; but,  as  the  translator  very  truly!  says,  such  a book  as  Pro- 
fessor van  Heurck’s  must  necessarily  be  of  interest  to  all  who  devote  serious  attention  to  microscopic 
work  as  a means  of  comparing  the  continental  views  and  modes  of  thought  with  those  of  their  own 
and  other  countries.  '—Times. 

Astronomy. 

ASTRONOMY.  By  the  late  Rev.  Robert  Main,  M.A.,  F.R.S., 
formerly  Radcliffe  Observer  at  Oxford.  Third  Edition,  Revised  and  Cor- 
rected to  the  present  time,  by  William  Thynne  Lynn,  B.A.,  F.R.A.S., 
formerly  of  the  Royal  Observatory,  Greenwich,  nmo,  2 s.  cloth  limp. 

“A  sound  and  simple  treatise,  very  carefully  edited,  and  a capital  book  i or  beginners." — 
Knowledge.  . [(tonal  Times. 

" Accurately  brought  down  to  the  requirements  of  the  present  time  by  Mr.  Lynn.” — Educa - 

J Recent  and  Fossil  Shells. 

A MANUAL  OF  THE  MOLLUSCA  : Being  a Treatise  on  Recent 
and  Fossil  Shells.  By  S.  P.  Woodward,  A.L.S.,  F.G.S.,  late  Assistant 
Palaeontologist  in  the  British  Museum.  With  an  Appendix  on  Recent  and 
Fossil  Conchological  Discoveries,  by  Ralph  Tate,  A.L.S.,  F.G.S.  Illustrated 
by  A.  N.  Waterhouse  and  Ioseph  Wilson  Lowry.  With  23Platesand 
upwards  of  300  Woodcuts.  Reprint  of  Fourth  Ed.,  1880.  Cr.  8vo,  7s.  6d.  cl. 

“ A most  valuable  storehouse  of  conchological  and  geological  information." — Science  Gossip. 

Geology  and  Genesis. 

THE  TWIN  RECORDS  OF  CREATION ; or,  Geology  and 
Genesis : their  Perfect  Harmony  and  Wonderful  Concord.  Bv  George  W. 
Victor  le  Vaux.  Numerous  Illustrations.  Fcap.  8vo,  5s.  cloth. 

" A valuable  contribution  to  the  evidences  of  Revelation,  and  disposes  very  conclusively  of  the 
arguments  of  those  who  would  set  God  s Works  against  God's  Word.  No  real  difficulty  is  shirked  „ 
and  no  sophistry  is  left  unexposed."—  The  Roc*. 
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DR.  LARDNER'S  COURSE  OF  NATURAL  PHILOSOPHY. 


THE  HANDBOOK  OF  MECHANICS.  Enlarged  and  almost  re- 
written by  Benjamin  Loewy,  F.R.A.S.  With  378  Illustrations.  Post  8vo, 
6s.  cloth. 

•<  The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  had  become  obsolete 
have  been  replaced  by  others  of  more  modern  character.  The  explanations  throughout  are 
-uudiously  popular,  and  care  has  been  taken  to  show  the  application  of  the  various  branches  of 
1 hysics  to  the  industrial  arts,  and  to  the  practical  business  of  life." —Mining-  Journal. 

“Mr.  Loewy  has  carefully  revised  the  book,  and  brought  it  up  to  modern  requirements."— 

“Natural  philosophy  has  had  few  exponents  more  able  or  better  skilled  In  the  art  of  popu- 
larising the  subject  than  Dr.  Lardner ; and  Mr.  Loewy  is  doing  good  service  in  fitting  this  treatise, 

, -id  the  others  of  the  series,  for  use  at  the  present  time."— Scotsman. 

THE  HANDBOOK  OF  HYDROSTATICS  AND  PNEUMATICS. 
New  Edition,  Revised  and  Enlarged,  by  Benjamin  Loewy,  F.R.A.S.  With 
236  Illustrations.  Post  8vo,  5s.  cloth. 

“For  those  ‘who  desire  to  attain  an  accurate  knowledge  of  physical  science  without  the  pro 
found  methods  of  mathematical  investigation,’  this  work  is  not  merely  intended,  but  well  adapted.” 
— Chemical  News. 

“The  volume  before  us  has  been  carefully  edited,  augmented  to  nearly  twice  the  bulk  of  the 
former  edition,  and  all  the  most  recent  matter  has  been  added.  . . . It  is  a valuable  text-book.*’ 
— Nature. 

“Candidates  for  pass  examinations  will  find  it,  we  think,  specially  suited  to  their  requirements. 
— E nglish  Mecha nic. 

THE  HANDBOOK  OF  HEAT.  Edited  and  almost  entirely  Re- 

written  by  Benjamin  Loewy,  F.R.A.S.,  &c.  117  Illusts.  Post  8vo,  6s.  cloth 

“ The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving  any  cloudines 
or  lurking  doubts  behind." — Engineering. 

“A  most  exhaustive  book  on  the  subject  on  which  it  treats,  and  is  so  arranged  that  it  can  be 

understood  by  all  who  desire  to  attain  an  accurate  knowledge  of  physical  science Mr. 

Loewy  has  included  all  the  latest  discoveries  in  the  varied  laws  and  effects  of  Ijeat.” — Standard. 

“A  complete  and  handy  text-book  for  the  use  of  students  and  general  readers.”— English 
Mechanic. 


THE  HANDBOOK  OF  OPTICS.  By  Dionysius  Lardner, D.C.L., 

formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
College,  London.  New  Edition.  Edited  by  T.  Olver  Harding,  B. A.  Lond., 
of  University  College,  London.  With  298  Illustrations.  Small  8vo,  448 
pages,  5s.  cloth. 

“Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately  illustrated.’’ 
— Mechanic’s  Magazine. 

THE  HANDBOOK  OF  ELECTRICITY , MAGNETISM , AND 
ACOUSTICS.  By  Dr.  Lardner.  Ninth  Thousand.  Edit,  by  George  Carey 
Foster,  B.A.,  F.C.S.  With  400  Illustrations.  Small  8vo,  5s.  cloth. 

“ The  book  could  not  have  been  entrusted  to  anyone  better  calculated  to  preserve  the  terse  and 
lucid. style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his  work  to  the  present  state  of 
scientific  knowledge.” — Popular  Science  Review. 


THE  HANDBOOK  OF  ASTRONOMY.  Forming  a Companion 
to  the  “ Handbook  of  Natural  Philosophy.’’  By  Dionysius  Lardner,  D C L 
formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
College,  London.  Fourth  Edition,  Revised  and  Edited  by  Edwin  Dunkin 
F.R.A.S.,  Royal  Observatory,  Greenwich.  With  38  Plates  and  upwards  of 
roo  Woodcuts.  In  One  Vol.,  small  8vo,  550  pages,  gs.  6 d.  cloth. 

“ Probably  no  other  book  contains  the  same  amount  of  information  in  so  compendious  and  well- 
arranged  a form— certainly  none  at  the  price  at  which  this  is  offered  to  the  public.”— Athenceum 
“ We  can  do  no  other  than  pronounce  this  work  a most  valuable  manual  of  astronomy  and  we 
strongly  recommend  it  to  all  who  wish  to  acquire  a general— but  at  the  same  time  correct— acauaint 
ance  with  this  sublime  science."— Quarterly  ^Journal  of  Science.  4 

“One  of  the  most  deservedly  popular  books  on  the  subject  . . . We  would  recommend  not 
only  the  student  of  the  elementary  principles  of  the  science,  but  he  who  aims  at  mastering-  the 

higher  and  mathematical  branches  of  astronomy,  not  to  be  without  this  work  beside  him  ” Pra  -/• 

cal  Magazine.  ' Ul~ 


Geology. 

RUDIMENTARY  TREATISE  ON  GEOLOGY , PHYSICAL 
AND  HISTORICAL.  Consisting  of  “ Physical  Geology,”  which  sets  forth 
the  leading  Principles  of  the  Science ; and  “ Historical  Geology,”  which 
treats  of  the  Mineral  and  Organic  Conditions  of  the  Earth  at  each  successive 
epoch,  especial  reference  being  made  to  the  British  Series  of  Rocks  R„ 
Ralph  Tate,  A.L.S.,  F.G.S.,  &c.  With  250  Illustrations.  i2mo  « cl  bds 
” The  fulness  of  the  matter  has  elevated  the  book  into  a manual.  Its  Information  is  evha„sU™ 
and  well  arranged.  — School  Board  Chronicle . 15  ex,laustue 
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CROSBY  LOCKWOOD  &■  SON'S  CATALOGUE. 


DR.  LARDNER’S  MUSEUM  OF  SCIENCE  AND  ART. 


THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 

Dionysius  Lardner,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and 

Astronomy  in  University  College,  London.  With  upwards  of  1,200  Engrav- 
ings on  Wood.  In  6 Double  Volumes,  £1  is.  in  a new  and  elegant  cloth  bind- 
ing ; or  handsomely  bound  in  half-morocco,  31s.  6d. 

***  Opinions  of  the  Press. 

“This  series,  besides  affording  popular  but  sound  instruction  on  scientific  subjects,  with  which 
the  humblest  man  in  the  country  ought  to  be  acquainted,  also  undertakes  that  teaching  of  'Com- 
mon Things  ’ which  every  well-wisher  of  his  kind  is  anxious  to  promote.  Many  thousand  copies  of 
this  serviceable  publication  have  been  printed,  in  the  belief  and  hope  that  the  desire  for  instruction 
and  improvement  widely  prevails  ; and  we  have  no  fear  that  such  enlightened  faith  will  meet  with 
disappointment.” — Times. 

“ A cheap  and  interesting  publication,  alike  informing  and  attractive.  The  papers  combine 
subjects  of  importance  and  great  scientific  knowledge,  considerable  inductive  powers,  and  a 
popular  style  of  treatment.”— Spectator. 

“The  ‘Museum  of  Science  and  Art’  is  the  most  valuable  contribution  that  has  ever  been 
made  to  the  Scientific  Instruction  of  every  class  of  society.”— Sir  DAVID  BREWSTER,  in  the 
North  British  Review. 

“ Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  of  the  writing, 
or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that  there  is  hardly  to  be  found 
among  the  new  books  one  that  would  be  welcomed  by  people  of  so  many  ages  and  classes  as  a 
valuable  present.’’— Examiner. 

***  Separate  books  formed  from  the  above,  suitable  for  Workmen's  Libraries, 
Science  Classes,  etc. 

Common  Tilings  Explained.  Containing  Air,  Earth,  Fire,  Water, Time, 
Man,  the  Eye,  Locomotion,  Colour,  Clocks  and  Watches,  &c.  233  Illus- 
trations, cloth  gilt,  5s. 

The  Microscope.  Containing  Optical  Images,  Magnifying  Glasses,  Origin 
and  Description  of  the  Microscope,  Microscopic  Objects,  the  Solar  Micro- 
scope, Microscopic  Drawing  and  Engraving,  &c.  147  Illustrations,  cloth 
gilt,  2S. 

Popular  Geology.  Containing  Earthquakes  and  Volcanoes,  the  Crust  of 
the  Earth,  See.  201  Illustrations,  cloth  gilt,  2s.  6 d. 

Popular  Physics.  Containing  Magnitude  and  Minuteness,  the  Atmo- 
sphere, Meteoric  Stones,  Popular  Fallacies,  Weather  Prognostics,  the 
Thermometer,  the  Barometer,  Sound,  &c.  85  Illustrations,  cloth  gilt,  2 s.  6 d. 

Steam  and  its  JJses.  Including  the  Steam  Engine,  the  Locomotive,  and 
Steam  Navigation.  89  Illustrations,  cloth  gilt,  2s. 

Popular  Astronomy.  Containing  How  to  observe  the  Heavens— The 
Earth,  Sun,  Moon,  Planets,  Light,  Comets,  Eclipses,  Astronomical  Influ- 
ences, &c.  182  Illustrations,  cloth  gilt,  4s.  6 d. 

The  Bee  and  White  Ants  : Their  Manners  and  Habits.  With  Illustra- 
tions of  Animal  Instinct  and  Intelligence.  135  Illustrations,  cloth  gut,  2s. 

The  Electric  Telegraph  Popularized.  To  render  intelligible  to  all  who 
can  Read,  irrespective  of  any  previous  Scientific  Acquirements,  the  various 
forms  of  Telegraphy  in  Actual  Operation.  ioo  Illustrations,  cloth  gilt, 
is.  6d,  


Dr.  Lardner’s  School  Handbooks. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  By  Dr.  Lardnef. 

328  Illustrations.  Sixth  Edition.  One  Vol.,  3s.  6d.  cloth. 

" A very  convenient  class-book  for  junior  students  in  private  schools.  It  is  intended  to  con\ey 
inclear  and  precise  terms,  general  notions  of  all  the  principal  divisions  of  Physical  Science.  — 
British  Quarterly  Review . 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS . By  Dr.  Lardnef. 

With  190  Illustrations.  Second  Edition.  One  Vol.,  3s.  6 ci.  cloth. 

"Clearly  written,  well  arranged,  and  excellently  illustrated." — Gardener s Chronicle. 


Lardner  and  Bright  on  the  Electric  Telegraph. 
THE  ELECTRIC  TELEGRAPH.  By  Dr.  Lardner.  Re- 
vised  and  Re-written  by  E.  B.  Bright,  F.R.A.S.  140  Illustrations.  Sma 

"Oneof  the  most  readable  books  extant  on  the  Electric  Telegraph."— Ssglith  --c.be -:<r. 
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CHEMICAL  MANUFACTURES,  CHEMISTRY. 

Alkali  Trade,  Manufacture  of  Sulphuric  Acid,  etc. 
A MANUAL  OF  THE  ALKALI  TRADE,  including  the 
Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching  Powder. 
By  John  Lomas,  Alkali  Manufacturer.  Newcastle-upon-Tyne  and  London. 
With  232  Illustrations  and  Working  Drawings,  and  containing  390  pages  ot 
Text.  Second  Edition,  with  Additions.  Super-royal  8vo,  £1  10s.  cloth. 

"This  book  is  written  by  a manufacturer  for  manufacturers.  The  working  details  of  the  most 
approved  forms  of  apparatus  are  given,  and  these  are  accompanied  by  no  less  than  232  wood  en- 
gravings, all  of  which  may  be  used  for  the  purposes  of  construction.  Every  step  in  the  manu- 
facture  is  very  fully  described  in  this  manual,  and  each  improvement  explained.”—  Athetiaum. 

“ We  find  not  merely  a sound  and  luminous  explanation  of  the  chemical  principles  of  the  trade, 
but  a notice  of  numerous  matters  which  have  a most  important  bearing  on  the  successful  conduct 
of  alkali  works,  but  which  are  generally  overlooked  by  even  experienced  technological  authors.  — 
Chemical  Review. 


The  Blowpipe. 

THE  BLOWPIFE  IN  CHEMISTRY,  MINERALOGY,  AND 
GEOLOGY.  Containing  all  known  Methods  of  Anhydrous  Analysis,  many 
Working  Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut. - 
Colonel  W.  A.  Ross,  R.A.,  F.G.S.  With  120  Illustrations.  Second  Edition, 
Revised  and  Enlarged.  Crown  8vo,  5s.  cloth. 

"The  student  who  goes  conscientiously  through  the  course  of  experimentation  here  laid 
down  will  gain  a better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  * got  up  ’ 
any  of  che  best  text-books  ot  the  day,  and  passed  any  number  of  examinations  in  their  contents."— 
Chemical  News. 

Commercial  Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  OF  CHEMICAL  ANA- 
LYSIS; or,  Practical  Instructions  for  the  determination  of  the  Intrinsic  or 
Commercial  Value  of  Substances  used  in  Manufactures,  in  Trades,  and  in 
the  Arts.  By  A.  Normandy,  Editor  of  Rose’s  “Treatise  on  Chemical 
Analysis."  New  Edition,  to  a great  extent  re-written  by  Henry  M.  Noad, 
Ph.D.,  F.R.S.  With  numerous  Illustrations.  Crown  8vo,  12s.  6 d.  cloth. 

" We  strongly  recommend  this  book  to  our  readers  as  a guide,  alike  indispensable  to  the 
housewife  as  to  the  pharmaceutical  practitioner.” — Medical  Times. 

" Essential  to  the  analysts  appointed  under  the  new  Act.  The  most  recent  results  are  given, 
and  the  work  is  well  edited  and  carefully  written." — Nature. 

Chemistry  for  Engineers,  etc. 

ENGINEERING  CHEMISTRY  : A Practical  Treatise  for  the 
Use  of  Analytical  Chemists,  Engineers,  Iron  Masters,  Iron  Founders, 
Students,  and  others.  Comprising  Methods  of  Analysis  and  Valuation  of  the 
Principal  Materials  used  in  Engineering  Work,  with  numerous  Analyses, 
Examples,  and  Suggestions.  By  H.  Joshua  Phillips,  F.I.C.,  F.C.S. 
Analytical  and  Consulting  Chemist  to  the  Great  Eastern  Railway.  Crown  8vo, 
320  pp.,  with  Illustrations,  ios.  6 d.  cloth.  [Just  published. 

“ In  this  work  the  author  has  rendered  no  small  service  to  a numerous  body  of  practical  men. 

. . . The  analytical  methods  may  be  pronounced  most  satisfactory,  being  as  accurate  as  the 
despatch  required  of  engineering  chemists  permits.”— Chemical  News. 

" Those  in  search  of  a handy  treatise  on  the  subject  of  analytical  chemistry  as  applied  to  the 
every-day  requirements  of  workshop  practice  will  find  this  volume  of  great  assistance.  ’— Iron. 

“ The  first  attempt  to  bring  forward  a Chemistry  specially  written  for  the  use  of  engineers, 
and  we  have  no  hesitation  whatever  in  saying  that  it  should  at  once  be  in  the  possession  of  every 
railway  engineer. ' — The  Railway  Engineer. 

The  book  will  be  very  useful  to  those  who  require  a handy  and  concise  resume  of  approved 
methods  of  analysing  and  valuing  metals,  oils,  fuels,  &c.  It  is,  in  fact,  a work  for  chemists,  a guide 
to  the  routine  of  the  engineering  laboratory.  . . . The  book  is  full  of  good  things.  As  a hand- 
book of  technical  analysis,  it  is  very  welcome.” — Builder. 

Dye-  JF ares  and  Colours. 

THE  MANUAL  OF  COLOURS  AND  DYE-WARES  : Their 
Properties,  Applications, Valuations,  Impurities,  and  Sophistications.  For  the 
use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.  By  J.  W.  Slater.  Second 
Edition,  Revised  and  greatly  Enlarged.  Crown  8vo,  7 s.  6 d.  cloth. 

' A complete  encyclopaedia  of  the  materia  tinctoria.  The  information  given  respecting  each 
rut  6 IS  * 11  , an<.  Prec,se*  an^  l^e  methods  of  determining  the  value  of  articles  such  as  these,  so 
liable  to  sophistication,  are  given  with  clearness,  and  are  practical  as  well  as  valuable.”— Chemist 
and  Druggist. 

"There  is  no  other  work  which  covers  precisely  the  same  ground.  To  students  preparing 
for  examinations  in  dyeing  and  printing  it  will  prove  exceedingly  useful.”— Chemical  News. 
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Modern  Brewing  and  Malting. 

. A HANDYBOOK  FOR  BREWERS:  Being  a Practical  Guide 

to  the  Art  of  Brewing  and  Malting.  Embracing  the  Conclusions  of  Modern 
Research  which  bear  upon  the  Practice  of  Brewing.  By  Herbert  Edwards 
Wright,  M.A  , Author  of  “ A Handbook  for  Young  Brewers.”  Crown  8vo, 
53°  PP-i  i2s.  6 d.  cloth.  [Just  published. 


May  be  consulted  with  advantage  by  the  student  who  is  preparing  himself  for  examinational 
•tests,  while  the  scientific  brewer  will  find  in  it  a resume  of  all  the  most  important  discoveries  of 
modern  times.  The  work  is  written  throughout  in  a clear  and  concise  manner,  and  the  author  takes 
great  care  to  discriminate  between  vague  theories  and  well-established  facts ."—Brezuers' Journal 
“We  have  very  great  pleasure  in  recommending  this  handybook,  and  have  no  hesitation  iti 
saying  that  it  is  one  of  the  best— if  not  the  best— which  has  yet  been  written  on  the  subject  of 
beer-brewing  in  this  country,  and  it  should  have  a place  on  the  shelves  of  every  brewer’s  library  '• 
— The  Brewer’s  Guardian. 

" Well  arranged,  under  special  headings  which  separate  each  paragraph,  and  furnished  with  a 
good  index,  every  facility  for  speedy  reference  is  afforded.  ...  On  every  debatable  subject 
we  have  presented  in  an  unbiased  fashion  the  opinions  which  have  been  advanced  in  explanation 
of  these  points,  making  the  work  exactly  what  it  purports  to  be,  a comprehensive  review  of  the 
conclusions  of  modem  research  in  regard  to  brewing.”— Chemical  Trade  Journal. 


Analysis  and  Valuation  of  Fuels. 

FUELS:  SOLID,  LIQUID,  AND  GASEOUS,  Their  Analysis 
and  Valuation.  For  the  Use  of  Chemists  and  Engineers.  By  H.  J.  Phillips, 
F.C.S.,  Analytical  and  Consulting  Chemist  to  the  Great  Eastern  Railway. 
Author  of  “ Engineering  Chemistry,”  &c.  Second  Edition,  Revised  and 
Enlarged.  Crown  8vo,  5s.  cloth.  [Just  published. 

“ Ought  to  have  its  place  in  the  laboratory  of  every  metallurgical  establishment,  and  wherever 
fuel  is  used  on  a large  scale  ” — Chemical  News. 

“Mr.  Phillips'  new  book  cannot  fail  to  be  of  wide  interest,  especially  at  the  present  time.”— 
Railway  News. 


Pigments 

THE  ARTIST’S  MANUAL  OF  PIGMENTS.  Showing 

their  Composition,  Conditions  of  Permanency,  Non- Permanency,  and  Adul- 
terations; Effects  in  Combination  with  Each  Other  and  with  Vehicles  ; and 
the  most  Reliable  Tests  of  Purity.  Together  with  the  Science  and  Arts 
Department’s  Examination  Questions  on  Painting.  By  H.  C.  Standage. 
Second  Edition,  crown  8vo,  2S.  6 d.  cloth. 

“ This  work  is  indeed  multum-in-parvo,  and  we  can,  with  good  conscience,  recommend  it  to 
all  who  come  in  contact  with  pigments,  whether  as  makers,  dealers  or  users.” — Chemical  Review . 


Gauging.  Tables  and  Buies  for  Bevenue  Officers, 

Uvewers , etc. 

A POCKET  BOOK  OF  MENSURATION  AND  GAUGING  : 

Containing  Tables,  Rules  and  Memoranda  for  Revenue  Officers,  Brewers, 
Spirit  Merchants,  &c.  By  J.  B.  Mant  (Inland  Revenue).  Second  Edition, 
Revised.  Oblong  i8mo,  4s.  leather,  with  elastic  band. 

“ This  handy  and  useful  book  is  adapted  to  the  requirements  of  the  Inland  Revenue  Depart- 
ment, and  will  be  a favourite  book  of  reference.  The  range  of  subjects  is  comprehensive,  and  the 
arrangement  simple  and  clear.” — Civilian. 

“Should  be  in  the  hands  of  every  practical  brewer.” — Brewers'  Journal. 


INDUSTRIAL  ARTS,  TRADES,  AND  MANUFACTURES. 


Flour  Manufacture,  Milling,  etc. 

FLOUR  MANUFACTURE : A Treatise  on  Milling  Science 
and  Practice.  By  Friedrich  Kick,  Imperial  Regierungsrath,  Professor  of 
Mechanical  Technology  in  the  Imperial  German  Polytechnic  Institute, 
Prague.  Translated  from  the  Second  Enlarged  and  Revised  Edition  with 
Supplement.  By  H.  H.  P.  Powles,  Assoc.  Memb.  Institution  of  Civil  Engi- 
neers. Nearly  400  pp.  Illustrated  with  28  Folding  Plates,  and  167  Woodcuts. 
Royal  Svo,  25s.  cloth. 

“ This  valuable  work  is.  and  will  remain,  the  standard  authority  on  the  science  of  milling.  . . 
The  miller  who  has  read  and  digested  this  work  will  have  laid  the  foundation,  so  to  speak,  of  a suc- 
cessful career  ; he  will  have  acquired  a number  of  general  principles  which  he  can  proceed  to 
apply  In  this  handsome  volume  we  at  last  have  the  accepted  text-book  of  modem  milling  in  good. 

sound  English,  which  has  little,  if  any.  trace  of  the  German  idiom." — The  Miller.  

“ Theappearance  of  this  celebrated  work  in  English  is  very  opportune,  and  British  millers 
will,  we  are  sure,  not  be  slow  in  availing  themselves  of  its  pages."— Millers'  Gazette. 
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Soap-making. 

THE  ART  OF  SOAP-MAKING : A Practical  Handbook  of  the 
Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps,  etc.  Including  many  New 
Processes,  and  a Chapter  on  the  Recovery  of  Glycerine  from  Waste  Leys. 
By  Alexander  Watt,  Author  of  “ Electro-Metallurgy  Practically  Treated,’ 
&c.  With  numerous  Illustrations.  Fourth  Edition,  Revised  and  Enlarged. 
Crown  8vo,  ys.  6 d.  cloth. 

"The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the  practical 
soap-boiler  who  wishes  to  understand  the  theory  of  his  art.” — Chemical  News. 

" Really  an  excellent  example  of  a technical  manual,  entering,  as  it  does,  thoroughly  and  ex- 
haustively, noth  into  the  theory  and  practice  of  soap  manufacture.  The  book  is  well  and  honestly 
done,  and  deserves  the  considerable  circulation  with  which  it  will  doubtless  meet.” — Knowledge. 

"Mr.  Watt’s  book  is  a thoroughly  practical  treatise  on  an  art  which  has  almost  no  literature  in 
our  language.  We  congratulate  the  author  on  the  success  of  his  endeavour  to  fill  a void  in  English 
technical  literature." — Nature. 


Paper  Making. 

THE  ART  OF  PAPER  MAKING  : A Practical  Handbook  of  the 
Manufacture  of  Paper  from  Rags , Esparto , Straw,  and  other  Fibrous  Materials , 
Including  the  Manufacture  of  Pulp  from  Wood  Fibre,  with  a Description  of 
the  Machinery  and  Appliances  used.  To  which  are  added  Details  of 
Processes  for  Recovering  Soda  from  Waste  Liquors.  By  Alexander  Watt, 
Author  of  “ The  Art  of  Soap-Making,”  “ The  Art  of  Leather  Manufacture, M 
&c.  With  Illustrations.  Crown  8vo,  ys.  6d.  cloth. 

" This  book  is  succinct,  lucid,  thoroughly  practical,  and  includes  everything  of  interest  to  the 
modern  paper  maker.  The  book,  besides  being  all  the  student  of  paper-making  will  require  in  his 
apprenticeship,  will  be  found  of  interest  to  the  paper-maker  himself.  It  is  the  latest,  most  practical, 
and  most  complete  work  on  the  paper-making  art  before  the  British  public.” — Paper  Record . 

" It  may  be  regarded  as  the  standard  work  on  the  subject.  The  book  is  full  of  valuable  in- 
formation. The  ‘ Art  of  Paper-making,'  is  in  every  respect  a model  of  a text-book,  either  for  a 
technical  class  or  for  the  private  student.’’— Paper  and  Priming  Trades  Journal. 

Leather  Manufacture. 

THE  ART  OF  LEATHER  MANUFACTURE.  Being  a 
Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying,  and 
Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tanning  Ex- 
plained, and  many  Recent  Processes  Introduced;  as  also  the  Methods  for 
the  Estimation  of  Tannin,  and  a Description  of  the  Arts  of  Glue  Boiling,  Gut 
Dressing,  &c.  By  Alexander  Watt,  Author  of  “ Soap-Making,”  “ Electro- 
Metallurgy,”  &c.  With  numerous  Illustrations.  Second  Edition.  Crown 
8vo,  gs.  cloth, 

"A  sound,  comprehensive  treatise  on  tanning  and  Its  accessories.  The  book  is  an  eminently 
valuable  production,  which  redounds  to  the  credit  of  both  author  and  publishers.”—  Chemical 
Review. 

"This  volume  Is  technical  without  being  tedious,  comprehensive  and  complete  without  being 
prosy,  and  it  bears  on  every  page  the  impress  of  a master  hand.  We  have  never  come  across  a 
better  trade  treatise,  nor  one  that  so  thoroughly  supplied  an  absolute  want."— Shoe  and  Leather 
Trades?  Chronicle. 

Boot  and  Shoe  Making. 

THE  ART  OF  BOOT  AND  SHOE-MAKING.  A Practical 
Handbook,  including  Measurement,  Last-Fitting,  Cutting-Out,  Closing  and 
Making,  with  a Description  of  the  most  approved  Machinery  employed 
By  John  B.  Leno,  late  Editor  of  St.  Crispin,  and  The  Boot  and  Shoe- Maker 
With  numerous  Illustrations  Third  Edition.  i2mo,  2s.  cloth  limp. 

" This  excellent  treatise  is  by  far  the  best  work  ever  written  on  the  subject.  The  chapter 
on  clicking,  which  shows  how  waste  may  be  prevented,  will  save  fifty  times  the  price  of  the  book  " 
— Scottish  Leather  Trader. 


Dentistry  Construction. 

MECHANICAL  DENTISTRY  : A Practical  Treatise  on  the 
Construction  of  the  various  kinds  of  Artificial  Dentures.  Comprisin'’  also  Use- 
ful  Formulae,  Tables,  and  Receipts  for  Gold  Plate,  Clasps,  Solders,  See  &c 
By  Charles  Hunter.  Third  Edition,  Revised.  With  upwards  of  100 
Wood  Engravings.  Crown  8vo,  3s.  6d.  cloth. 

“ The  work  is  very  practical."—  Monthly  Rcvinu  of  Dental  Surgery 
We  can  strongly  recommend  Mr.  Hunter’s  treatise  to  all  students  preparing  for  the  profession 
of  dentistry,  as  well  as  to  every  mechanical  dentist  ."-Dublin  Journal of Medical  Science 

Wood  Engraving . 

WOOD  ENGR A V ING : A Practical  and  Easy  Introduction  to  the 
Study  of  the  Art.  By  William  Norman  Brown.  Second  Edition  With 
numerous  Illustrations,  nmo,  is.  6t/.  cloth  limp  un 

elements^fthe  b^u^i^^^nmo^engMWng/^Cr^olr’cf11^^0  “ “^erstand  the  first 
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Horology. 

A TREATISE  ON  MODERN  HOROLOGY , in  Theory  and  Prac- 
tice.  Translated  from  the  French  of  Claudius  Saunier,  ex-Director  of  the 
School  of  Horology  at  Matron,  by  Julien  Tripplin,  F.R.A.S.,  Besan^on 
Watch  Manufacturer,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint. 
With  78  Woodcuts  and  22  Coloured  Copper  Plates.  Second  Edition.  Super- 
royal 8vo,  £2  25.  cloth  ; £2  10s.  half-calf. 

" There  is  no  horological  work  in  the  English  language  at  all  to  be  compared  to  this  produc- 
tion of  M.  Saunier’s  for  clearness  and  completeness.  It  is  alike  good  as  a guide  for  the  student  and 
as  a reference  for  the  experienced  horologist  and  skilled  workman.” — Horological  Journal. 

“ The  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  which 
continental  watchmakers  are  indebted  for  the  mechanical  superiority  over  their  English  brethren 
—in  fact,  the  Book  of  Books,  is  M.  Saunier’s  ‘ Treatise.”’— Watchmaker,  Jeweller  ana  Silversmith. 

Watchmaking. 

THE  WATCHMAKER'S  HANDBOOK.  Intended  as  a Work- 
shop  Companion  for  those  engaged  in  Watchmaking  and  the  Allied  Mechani- 
cal Arts.  Translated  from  the  French  of  Claudius  Saunier,  and  consider- 
ably enlarged  by  Julien  Tripplin,  F.R.A.S.,  Vice-President  of  the 
Horological  Institute,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint. 
With  numerous  Woodcuts  and  14  Copper  Plates.  Third  Edition.  Crown 
8vo,  9s.  cloth. 

“ Each  part  is  truly  a treatise  in  itself.  The  arrangement  is  good  and  the  language  is  clear  and 
concise.  It  is  an  admirable  guide  for  the  young  watchmaker.” — Engineering. 

*•  It  is  impossible  to  speak  too  highly  of  its  excellence.  It  fulfils  every  requirement  in  a hand- 
book intended  for  the  use  of  a workman.  Should  be  found  in  every  workshop."— Watch  and 
Clockmaker. 

“ This  book  contains  an  immense  number  of  practical  details  bearing  on  the  daily  occupation 
of  a watchmaker.”—  Watchmaker  and  Metalworker  (Chicago). 

Watches  and  Timekeepers. 

A HISTORY  OF  WATCHES  AND  OTHER  TIMEKEEPERS. 
By  James  F.  Kendal,  M.B.H.Inst.  250  pp.,  with  88  Illustrations,  is.  6ci. 
boards ; or  2s.  6 d.  cloth  gilt.  [Just  published . 

"Mr.  Kendal’s  book,  for  its  size,  is  the  best  which  has  yet  appeared  on  this  subject  in  the 
English  language." — I ndustries. 

“ Open  the  book  where  you  may,  there  is  interesting  matter  in  it  concerning  the  ingenious 
devices  of  the  ancient  or  modern  horologer.  The  subject  is  treated  in  a liberal  and  entertaining 
spirit,  as  might  be  expected  of  a historian  who  is  a master  of  the  craft."— Saturday  Review. 


Electrolysis  of  Gold,  Silver,  Copper,  etc. 

ELECTRO-DEPOSITION  : APractical  Treatise  on  the  Electrolysis 
of  Gold , Silver,  Copper,  Nickel,  and  other  Metals  and  Alloys.  With  descrip- 
tions of  Voltaic  Batteries,  Magneto  and  Dynamo-Electric  Machines,  Ther- 
mopiles, and  of  the  Materials  and  Processes  used  in  every  Department  of 
the  Art,  and  several  Chapters  on  Electro-Metallurgy.  By  Alexander 
Watt,  Author  of  “ Electro-Metallurgy,”  &c.  With  numerous  Illustrations. 
Third  Edition,  Revised  and  Corrected.  Crown  8vo,  gs.  cloth. 

••  Eminently  a book  for  the  practical  worker  in  electro-deposition.  It  contains  practical 
descriptions  of  methods,  processes  and  materials  as  actually  pursued  and  used  in  the  workshop." 

— Engineer. 


Electro-Metallurgy. 

ELECTRO-METALLURGY : Practically  Treated.  By  Alexander 
Watt.  Author  of  “ Electro-Deposition,”  &c.  Ninth  Edition,  Enlarged  and 
Revised,  with  Additional  Illustrations,  and  including  (he  most  recent 
Processes.  i2mo,  4s.  cloth  boards. 

“From  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for  the  successful 
prosecution  of  electroplating.’’— Iron. 


Working  in  Gold. 

THE  JEWELLER'S  ASSISTANT  IN  THE  ART  OF  WORK- 
ING IN  GOLD  : A Practical  Treatise  for  Masters  and  Workmen.  Compiled 
from  the  Experience  of  Thirty  Years’  Workshop  Practice.  By  George  E. 
Gee,  Goldsmith  and  Silversmith,  Author  of  “The  Goldsmith’s  Handbook ,’’ 
&c.  Crown  8vo,  7s.  6 d.  cloth.  [Just  published. 

“ This  manual  of  technical  education  is  apparently  destined  to  be  a valuable  auxiliary  to  a 
handicraft  which  is  certainly  capable  of  great  improvement."-  The  Times.  . 

" This  volume  will  be  very  useful  in  the  workshop,  as  the  knowledge  is  practical,  having  been 
acquired  iiy  long  experience,  and  all  the  recipes  and  directions  are  guaranteed  to  be  successlul  if 
properly  worked  out." — Jeweller  and  Metalworker. 
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Electroplating. 

ELECTROPLA  TING  : A Practical  Handbook  on  the  Deposi- 
tion of  Copper,  Silver,  Nickel,  Gold,  Aluminium,  Brass,  Platinum,  &c.  &c. 
With  Descriptions  of  the  Chemicals,  Materials,  Batteries,  and  Dynamo 
Machines  used  in  the  Art.  By  J.  W.  Urquhart,  C.E.,  Author  of  “ Electric 
Light,"  &c.  Second  Edition,  Revised,  with  Additions.  Numerous  Illustra- 
tions.  Crown  8vo.  5s.  cloth. 

“ An  excellent  practical  manual.” — Engineering* 

“ An  excellent  work,  giving  the  newesc  information." — Horological  Journal. 

Electrotyping. 

ELECTROTYPING  : The  Reproduction  and  Multiplication  of  Print- 
ing Surfaces  and  Works  of  Art  by  the  Electro-deposition  of  Metals.  By  J,  W. 
Urquhart,  C.E.  Crown  8vo,  5s.  cloth. 

"The  book  is  thoroughly  practical.  The  reader  is,  therefore,  conducted  through  the  leading 
laws  of  electricity,  then  through  the  metals  used  by  electrotypers,  the  apparatus,  and  the  depositing 
processes,  up  to  the  final  preparation  of  the  work. Art  Journal. 

Goldsmiths’  Work. 

THE  GOLDSMITH'S  HANDBOOK.  By  George  E.  Gee, 

Jeweller,  &c.  Third  Edition,  considerably  Enlarged.  i2mo,  3s.  6 d.  cl.  bds. 
"A  good,  sound  educator,  and  will  be  generally  accepted  as  an  authority."— Horological 
Journal. 

Silversmiths’  Work. 

THE  SILVERSMITH’S  HANDBOOK.  By  George  E.  Gee, 
Jeweller,  &c.  Second  Edition,  Revised,  with  numerous  Illustrations.  i2mo, 
3s.  6 d.  cloth  boards. 

" The  chief  merit  of  the  work  is  its  practical  character.  . . The  workers  in  the  trade  will 
speedily  discover  its  merits  when  they  sit  down  to  study  it." — English  Mechanic . 

***  The  above  two  works  together,  strongly  half-bound,  price  7 s. 

Bread  and  Biscuit  Baking. 

THE  BREAD  AND  BISCUIT  BAKER'S  AND  SUGAR- 
BOILER'S  ASSISTANT.  Including  a large  variety  of  Modern  Recipes. 
With  Remarks  on  the  Art  of  Bread-making.  By  Robert  Wells,  Practical 
Baker.  Second  Edition,  with  Additional  Recipes.  Crown  8vo,  2 s.  cloth. 

“ A large  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  baker." — Saturday  Review. 

Confectioner g for  Hotels  and  Restaurants. 

THE  PASTRYCOOK  AND  CONFECTIONER'S  GUIDE. 
For  Hotels,  Restaurants  and  the  Trade  in  general,  adapted  also  for  Family 
Use.  By  Robert  Wells,  Author  of  “The  Bread  and  Biscuit  Baker's  and 
Sugar-Boiler’s  Assistant.”  Crown  8vo,  2S.  cloth. 

“ We  cannot  speak  too  highly  of  this  really  excellent  work.  In  these  days  of  keen  competition 
our  readers  cannot  do  better  than  purchase  this  book." — Bakers'  Times. 

Ornamental  Confectionery. 

ORNAMENTAL  CONFECTIONERY : A Guide  for  Bakers, 
Confectioners  and  Pastrycooks ; including  a variety  of  Modern  Recipes,  and 
Remarks  on  Decorative  and  Coloured  Work.  With  I2g  Original  Designs. 
By  Robert  Wells,  Practical  Baker,  Author  of  “ The  Bread  and  Biscuit 
Baker’s  and  Sugar-Boiler’s  Assistant,"  &c.  Crown  8vo,  cloth  gilt,  5 s. 

" A valuable  work,  practical,  and  should  be  in  the  hands  of  every  baker  and  confectioner.’ The 
illustrative  designs  are  alone  worth  treble  the  amount  charged  for  the  whole  work."— Bakers'  Times. 

Flour  Confectioner g. 

THE  MODERN  FLOUR  CONFECTIONER.  Wholesale  and 
Retail.  Containing  a large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits, 
&c.  With  Remarks  on  the  Ingredients  used  in  their  Manufacture.  To 
which  are  added  Recipes  for  Dainties  for  the  Working  Man's  Table.  By 
R.  Wells,  Author  of  “ The  Bread  and  Biscuit  Baker,”  &c.  Crown  8vo,  2s.  cl . 

“ The  work  is  of  a decidedly  practical  character,  and  in  every  recipe  regard  is  had  to  economi- 
cal working  ."—North  Brilish  Daily  Mail. 

Laundry  Work. 

LAUNDRY  MANAGEMENT.  A Handbook  for  Use  in  Private 
and  Public  Laundries,  Including  Descriptive  Accounts  of  Modern  Machinery 
and  Appliances  for  Laundry  Work.  By  the  Editor  of  “The  Laundry 
Journal.’’  With  numerous  Illustrations.  Crown  8vo,  2s.  6 d.  cloth. 

“ This  book  should  certainly  occupy  an  honoured  place  on  the  shelves  of  all  housekeepers 
who  wish  to  keep  themselves  an  courant  of  til  s newest  appliances  and  methods."— The  Queen. 
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HANDYBOOKS  FOR  HANDICRAFTS. 

By  PAUL  N.  HASLUCK, 

Editor  of  “Work”  (New  Series);  Author  of  “Lathework,”  “Milling- 

Machines,  &c. 

Crown  8vo,  144  pages,  cloth,  price  is.  each. 

IS”  These  Handybooks  have  been  written  to  supply  information  for  Workmen 
Students,  and  Amateurs  in  the  several  Handicrafts , on  the  actual  Practice  of 
the  Workshop,  and  are  intended  to  convey  in  plain  language  Technical  Know 
ledge  of  the  several  Crafts.  In  describing  the  processes  employed,  and  the  manipu- 
lation of  material,  workshop  terms  are  used;  workshop  practice  is  fully  explained ; 
and  the  text  is  freely  illustrated  with  drawings  of  modern  tools,  appliances,  and 
processes. 

***  The  following  Volumes  are  now  ready  : 

THE  METAL  TURNER’S  HANDYBOOK.  A Practical  M amid 

for  Workers  at  the  Foot-Lathe.  With  over  ioo  Illustrations.  Price  is. 

“ The  book  will  be  of  service  alike  to  the  amateur  and  the  artisan  turner.  It  displays  thorough, 
knowledge  of  the  subject/’ — Scotsman. 

THE  WOOD  TURNER’S  HANDYBOOK.  A Practical  Manual 
for  Workers  at  the  Lathe . With  over  ico  Illustrations.  Price  is. 

“We  recommend  the  book  to  young  turners  and  amateurs.  A multitude  of  workmen  have 
hitherto  sought  in  vain  for  a manual  of  this  special  industry.”— Mechanical  World . 

THE  WATCH  JOBBER'S  HANDYBOOK.  A Practical  Manual 
on  Cleaning , Repairing,  and  Adjusting.  With  upwards  of  ioo  Illustrations. 
Price  is. 

“ We  strongly  advise  all  young  persons  connected  with  the  watch  trade  to  acquire  and  study 
this  inexpensive  work.” — Clerkenwell  Chronicle. 

THE  PATTERN  MAKER'S  HANDYBOOK.  A Practical 
Manual  on  the  Construction  of  Patterns  for  Founders.  With  upwards  of 
100  Illustrations.  Price  is. 

“ A most  valuable,  if  not  indispensable,  manual  for  the  pattern  maker." — Knowledge. 

THE  MECHANICS  WORKSHOP  HANDYBOOK.  A Practical 
Manual  on  Mechanical  Manipulation.  Embracing  Information  on  various 
Handicraft  Processes,  with  Useful  Notes  and  Miscellaneous  Memoranda. 
Comprising  about  200  Subjects.  Price  is. 

“ A very  clever  and  useful  book,  which  should  be  found  in  every  workshop  ; and  it  should' 
certainly  find  a place  in  all  technical  schools." — Saturday  Review. 

THE  MODEL  ENGINEER'S  HANDYBOOK.  A Practical 
Manual  on  the  Construction  of  Model  Steam  Engines.  With  upwards  of  100 
Illustrations.  Price  is. 

“ Mr.  Hasluck  has  produced  a very  good  little  book." — Builder. 

THE  CLOCK  JOBBER'S  HANDYBOOK.  A Practical  Manual 
on  Cleaning,  Repairing,  and  Adjusting.  With  upwards  of  ico  Illustrations. 
Price  is. 

“ It  is  of  inestimable  service  to  those  commencing  the  trade." — Coventry  Standard. 

THE  CABINET  WORKER’S  HANDYBOOK : A Practical 

Manual  on  the  Tools,  Materials,  Appliances,  and  Processes  employed  in 
Cabinet  Work.  With  upwards  of  ioo  Illustrations.  Price  is. 

“ Mr.  Hasluck's  thoroughgoing  little  I-Iandybook  is  amongst  the  most  practical  guides  we  have 
seen  for  beginners  in  cabinet-work.” — Saturday  Review. 

* The  following  are  in  preparation  : 

THE  WOODWORKER'S  HANDYBOOK. 

THE  METALWORKER’S  HANDYBOOK. 

The  following  NOTICES  OF  THE  PRESS  show  the  estimation  in  which  the  Series  is  held:— 

“ Written  by  a man  who  knows,  not  only  how  work  ought  to  be  done,  but  how  to  do  it,  and 
how  to  convey  his  knowledge  to  others .” — Engineering. 

“ Mr.  Hasluck  writes  admirably,  and  gives  complete  instructions.” — Engineer. 

“ These  handy  volumes  arc  certain  to  give  thorough  help  in  the  groundwork  of  his  profession 
to  any  intelligent  apprentice.”— Daily  Telegraph. 

“ Mr.  Hasluck  combines  the  experience  of  a practical  teacher  with  the  manipulative  skill  and 
scientific  knowledge  of  processes  of  the  trained  mechanician,  and  the  manuals  are  marvels  of 
what  can  be  produced  at  a popular  price.” — Schoolmaster. 

•*  Helpful  to  workmen  of  all  ages  and  degrees  of  experience." — Daily  Chronicle. 

“ Practical,  sensible,  and  remarkably  cheap." — Journal  of  Education. 

41  Concise,  clear,  and  practical." — Saturday  Review. 
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Commercial  Education. 

LESSONS  IN  COMMERCE.  By  Professor  R.  Gambaro,  of 
the  Royal  High  Commercial  School  at  Genoa.  Edited  and  Revised  by  James 
Gault,  Professor  of  Commerce  and  Commercial  Law  in  King's  College, 
London.  Crown  8vo,  3s.  6 4.  cloth. 

“ The  oublishers  of  this  work  have  rendered  considerable  service  to  the  cause  of  commercial 
education  by  the  opportune  production  of  this  volume.  . . . The  work  is  peculiarly  acceptable 

to  English  readers  and  an  admirable  addition  to  existing  class-books.  In  a phrase,  we  think  the 
work  attains  its  object  in  furnishing  a brief  account  of  those  laws  and  customs  of  British  trade  with 
which  the  commercial  man  interested  therein  should  be  familiar.” — Chamber  of Commercejournal. 

Foreign  Commercial  Correspondence. 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT:  Being 
Aids  to  Commercial  Correspondence  in  Five  Languages — English,  French, 
German,  Italian,  and  Spanish.  By  Conrad  E.  Baker.  Second  Edition. 
Crown  8vo,  3s.  6d.  cloth. 

" Whoever  wishes  to  correspond  in  all  the  languages  mentioned  by  Mr.  Baker  cannot  do  better' 
than  study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.” — Athenaum. 

“A  careful  examination  has  convinced  us  that  it  is  unusually  complete,  well  arranged,  and 
reliable.  The  book  is  a thoroughly  good  on z."  —Schoolmaster, 

Accounts  for  Manufacturers. 

FACTORY  ACCOUNTS : Their  Principles  and  Practice.  A 
Handbook  for  Accountants  and  Manufacturers,  with  Appendices  on  the  No- 
menclature of  Machine  Details ; the  Income  Tax  Acls;  the  Rating  of  Fac- 
tories; Fire  and  Boiler  Insurance;  the  Factory  and  Workshop  Acts,  & c., 
including  also  a Glossary  of  Terms  and  a large  number  of  Specimen  Rulings. 
By  Emile  Garcke  and  J.  M.  Fells.  Third  Edition.  Demy  8vo,  250  pages, 
price  6s.  strongly  bound. 

“ A very  interesting  description  of  the  requirements  of  Factory  Accounts.  . . . the  principle 
of  assimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thoroughly 
agree  with.”— Accountants'  journal. 

“Characterised  by  extreme  thoroughness.  There  are  few  owners  of  factories  who  would  not 
derive  great  benefit  from  the  perusal  ol  this  most  admirable  work.” — Local  Government  Chronicle 

Intuitive  Calculations. 

THE  COMPENDIOUS  CALCULATOR ; or,  Easy  and  Con- 
cise Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions,  together  with  Useful  Tables.  By 
Daniel  O'Gorman.  Corrected  and  Extended  by  Professor  J.  R.  Young. 
Twenty-seventh  Edition,  Revised  by  C.  Norris.  Fcap.  8voJ  2 s.  64.  cloth 
limp;  or,  3s.  64.  strongly  half-bound  in  leather. 

“ It  would  be  difficult  to  exaggerate  the  usefulness  of  a book  like  this  to  everyone  engaged  in 
commerce  or  manufacturing  industry.  It  is  crammed  full  of  rules  and  formula;  for  shortening  and’ 
employing  calculations.” — Knowledge. 

Modern  Metrical  Units  and  Systems. 

MODERN  METROLOGY : A Manual  of  the  Metrical  Units 
and.  Systems  of  the  Present  Century.  With  an  Appendix  containing  a proposed 
English  System.  By  Lowis  D'A.  Jackson,  A.M.Inst.C.E.,  Author  of  “Aid 
to  Survey  Practice,”  &c.  Large  crown  8vo,  12s.  64.  dloth. 

" We  recommend  the  work  to  all  interested  in  the  practical  reform  of  our  weights  and  mea- 
sures."— Nature. 


The  Metric  System  and  the  British  Standards. 

A SERIES  OF  METRIC  TABLES,  in  which  the  British  Stand- 
ard Measures  and  Weights  are  compared  with  those  of  the  Metric  System  at  present 
t»  Use  on  the  Continent.  By  C.  H.  Dowling,  C.E.  8vo,  ios.  64.  strongly  bound 
, l".r-,D°.wling’s  Tables  are  well  put  together  as  a ready-reckoner  for  the  conversion  of  one 
system  into  the  other. — Athenaum . 


Iron  and  Metal  Trades’  Calculator. 

THE  IRON  AND  METAL  TRADES'  COMPANION.  For 

expeditiously  ascertaining  the  Value  of  any  Goods  bought  or  sold  bv  Weight 
F?JR  IS • Per  cvvt-  lrr,s'  P~r  cwt-'  and  from  one  farthing  per  pound  to  one 
shilling  per  pound.  By  Thomas  Downie.  Strongly  bound  in  leather, 

39b  PP- , 9S. 

::^,rstli.sefuls,e‘,0ft?bles’  notll‘n2  ,iko  them  before  existed."—  Building  News 
Although  specially  adapted  to  the  Iron  and  metal  trades,  the  tables  wilt  be  found  useful  ir 
every  other  business  in  which  merchandise  Is  bought  and  sold  by  weight.^-A'aiAcnyXrur  ' 
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Calculator  for  Numbers  ancl  Weights  Combined. 
THE  NUMBER,  WEIGHT,  AND  FRACTIONAL  CALCU- 
LATOR. Containing  upwards  of  250,000  Separate  Calculations,  showing  at 
a glance  the  value  at  422  different  rates,  ranging  from  4411  of  a Penny  to 
20s.  each,  or  per  cwt.,  and  £20  per  ton,  of  any  number  of  articles  consecu- 
tively, from  1 to  470.— Any  number  of  cwts.,  qrs.,  and  lbs.,  from  1 cwt.  to  470 
cwts.— Any  number  of  tons,  cwts.,  qrs.,  and  lbs.,  from  1 to  1,000  tons.  By 
William  Chadwick,  Pubbc  Accountant.  Third  Edition,  Revised  and  Im- 
proved. 8vo,  price  18s.,  strongly  bound  for  Office  wear  and  tear. 

IS"  Is  adapted  for  the  use  of  Accountants  and  Auditors,  Railway  Companies, 
Canal  Companies,  Shippers,  Shipping  Agents,  General  Carriers,  etc.  Ironfounders, 
Brassfounders,  Metal  Merchants,  Iron  Manufacturers,  Ironmongers,  Engineers , 
Machinists,  Boiler  Makers,  Millwrights.  Roofing,  Bridge  and  Girder  Makers,  Colliery 
, Proprietors,  etc.  Timber  Merchants,  Builders,  Contractors,  Architects,  Surveyors, 
Auctioneers,  Valuers,  Brokers,  Mill  Owners  and  Manufacturers,  Mill  Furnishers, 
Merchants,  and  General  Wholesale  Tradesmen.  Also  for  the  Apportionment  of 
Mileage  Charges  for  Railway  Traffic. 

***  Opinions  of  the  Press. 

“ It  is  easy  of  reference  for  any  answer  or  any  number  of  answers  as  a dictionary,  and  the 
references  are  even  more  quickly  made.  For  making-  up  accounts  or  estimates  the  book  must 
prove  invaluable  to  all  who  have  any  considerable  quantity  of  caliulations  involving  price  and 
measure  in  any  combination  to  do.” — Engineer. 

. “ The  most  complete  and  practical  ready  reckoner  which  it  has  been  our  fortune  yet  to  see.  It 

is  difficult  to  imagine  a trade  or  occupation  in  which  it  could  not  be  of  the  greatest  use,  either  in 
saving  human  labour  or  in  checking  work.  The  publishers  have  placed  within  the  reach  of  every 
.commercial  man  an  invaluable  and  unfailing  assistant." — The  Miller. 

Harben’s  Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR.  Being  a Series  of  Tables 
upon  a New  and  Comprehensive  Plan,  exhibiting  at  One  Reference  the  exact 
Value  of  any  Weight  from  1 lb.  to  15  tons,  at  300  Progressive  Rates,  from  id. 
to  168 s.  per  cwt.,  and  containing  186,000  Direct  Answers,  which,  with  their 
Combinations,  consisting  of  a single  addition  (mostly  to  be  performed  at 
sight),  will  afford  an  aggregate  of  10,266,000  Answers ; the  whole  being  calcu- 
lated and  designed  to  ensure  correctness  and  promote  despatch.  By  Henry 
Harben,  Accountant.  Fourth  Edition,  carefully  Corrected.  Royal  8vo, 
£1  5s,,  strongly  half-bound. 

“ A practical  and  useful  work  of  reference  for  men  of  business  generally  ; it  is  the  best  of  the 
ikind  we  have  seen." — ironmonger. 

“Of  priceless  value  to  business  men.  It  is  a necessary  book  in  all  mercantile  offices.”— Shef- 
field Independent . 

Marben’s  Comprehensive  Discount  Guide. 

THE  DISCOUNT  GUIDE.  Comprising  several  Series  of 
Tables  for  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others, 
by  which  may  be  ascertained  the  exact  Profit  arising  from  any  mode  of  using 
Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and  the  method  of  either 
Altering  a Rate  of  Discount  or  Advancing  a Price,  so  as  to  produce,  by  one 
operation,  a sum  that  will  realise  any  required  profit  after  allowing  one  or 
more  Discounts : to  which  are  added  Tables  of  Profit  or  Advance  from  ij  to 
go  per  cent.,  Tables  of  Discount  from  i|  to  g8|  per  cent.,  and  Tables  of  Com- 
mission, &c.,  from  £ to  10  per  cent.  By  Henry  Harben,  Accountant,  Author 
of  “The  Weight  Calculator.”  New  Edition,  carefully  Revised  and  Corrected, 
Demy  8vo,  544  pp.,  £1  5 s.  half-bound. 

“A  book  such  as  this  can  only  be  appreciated  by  business  men,  to  whom  the  saving  of  time 
.means  saving  of  money.  We  have  the  nigh  authority  of  Professor  J.  R.  Young  that  the  tables 
throughout  the  work  are  constructed  upon  strictly  accurate  principles.  The  work  is  a model 
.of  typographical  clearness,  and  must  prove  of  great  value  to  merchants,  manufacturers,  and 
.general  traders.”— British  Trade  Joitrnal . 

Iron  Shipbuilders’  and  Merchants’  Weight  Tables. 

IRON -PLATE  WEIGHT  TABLES:  For  Iron  Shipbuilders, 

Engineers,  and  Iron  Merchants.  Containing  the  Calculated  Weights  of  up- 
wards of  150,000  different  sizes  of  Iron  Plates,  from  1 foot  by  6 in.  by  i in.  to 
10  feet  by  5 feet  by  1 in.  Worked  out  on  the  basis  of  40  lbs.  to  the  square 
foot  of  Iron  of  1 inch  in  thickness.  Carefully  compiled  and  thoroughly  Re- 
vised by  H.  Burlinson  and  W.  H.  Simpson.  Oblong  4to,  25s.  half-bound. 
"This  work  will  be  found  of  great  utility.  The  authors  have  had  much  practical  experience 
of  what  is  wanting  in  making  estimates;  and  the  use  of  the  book  «ill  save  much  time  in  making 
.elaborate  calculations." — English  Mechanic. 
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Dr.  Fream’s  New  Edition  of  “ The  Standard 
Treatise  on  Agriculture. ” 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT : A Compendium  of  Husbandry.  Originally 
Written  by  William  Youatt.  Thirteenth  Edition,  entirely  Re-written, 
considerably  Enlarged,  and  brought  up  to  the  Present  Requirements  of 
Agricultural  Practice,  by  William  Fream,  LL.D.,  Steven  Lecturer  in  the 
University  of  Edinburgh,  Author  of  “The  Elements  of  Agriculture,”  &c. 
Royal  8vo,  1,100  pp.,  with  over  450  Illustrations.  Price  £1  11s.  6 d.  strongly 
and  handsomely  bound.  [ /list  published. 

Extract  from  Publishers’  Advertisement. 


“ A treatise  that  made  its  original  appearance  in  the  first  decade  of  the  century,  and  that  enters 
upon  its  Thirteenth  Edition  before  the  century  has  run  its  course,  lias  undoubtedly  established  its 
position  as  a work  of  permanent  value.  It  has  been  deemed  expedient,  therefore,  to  retain,  as  far 
as  possible,  in  the  present  edition  those  features  of  Youatt’s  Work  which  must  have  commended 
themselves  to  general  approval. 

'*  The  phenomenal  progress  of  the  last  dozen  years  in  the  Practice  and  Science  of  Farming  has 
rendered  it  necessary,  however,  that  the  volume  should  be  re-written,  and  the  publishers  were 
fortunate  enough  to  secure  for  the  revision  the  services  of  Dr.  FREAM,  whose  high  attainments  in 
all  matters  pertaining  to  agriculture  have  been  so  emphatically  recognised  by  the  highest  pro- 
fessional and  official  authorities.  In  carrying  out  his  editorial  duties,  Dr.  FREAM  has  been 
favoured  with  valuable  contributions  by  Prof.  J.  WORTLEY  AXE,  Mr.  E.  BROWN,  Dr.  BERNARD 
Dyer,  Mr.  w.  J.  Malden,  Mr.  R.  H.  Rew,  Prof.  Sheldon,  Mr.  J.  Sinclair,  Mr.  Sanders 
Spencer,  and  others. 

'*  No  pains  have  been  spared  to  make  the  illustrations  as  representative  and  characteristic  as 
possible  ; those  of  Live  Stock  (with  one  or  two  exceptions)  being  new  to  the  work  ; and  amongst 
them  will  be  found  portraits  of  prize-winning  animals  of  the  leading  breeds. 

“ On  the  whole,  it  may  be  safely  said  that  no  effort  has  been  lacking  on  the  part  of  either 
Editor  or  Publishers  to  make  this  New  Edition  of  ‘ THE  COMPLETE  GRAZIER  ’ a faithful  mirror  of 
agricultural  progress  and  a reliable  record  of  modern  practice  in  farming,  and,  as  such,  deserving  of 
the  reputation  gained  by  the  work  (z tide  Mark  Lane  Express ) as  ‘ a treatise  suhich  will  remain  a 
standard  work  pit  the  subject  as  long  as  British  agriculture  endures. 

Summary  of  Contents. 


Book  I.  On  the  Varieties,  Breed- 
ing, Rearing,  Fattening,  and 
Management  of  Cattle. 

Book  II.  On  the  Economy  and  Man- 
agement of  the  Dairy. 

Book  III.  On  the  Breeding,  Rear- 
ing, and  Management  of  Horses. 

Book  IV.  On  the  Breeding,  Rear- 
ing, and  Fattening  of  Sheep. 

Book  V.  On  the  Breeding,  Rearing, 
and  Fattening  of  Swine. 

Book  VI.  On  the  Diseases  of  Live 
Stock. 


Book  VII.  On  the  Breeding,  Rear- 
ing, and  Management  of  Poultry, 
Book  VIII.  On  Farm  Offices  and 
Implements  of  Husbandry. 

Book  IX.  On  the  Culture  and  Man- 
agement of  Grass  Lands. 

Book  X.  On  the  Cultivation  and 
Application  of  Grasses,  Pulse, 
and  Roots. 

Book  XI.  On  Manures  and  their 
Application  toGrass  Land&Crops 
Book  XII.  Monthly  Calendars  of 
Farmwork. 


***  Opinions  of  the  Press  on  the  New  Edition. 

v Dr,\  Frcrim  '?  t0  be  congratulated  on  the  successful  attempt  he  has  made  to  give  us  a work 
"t  a‘  °"ce  become  the  standard  classic  of  the  farm  practice  of  the  country.  We  believe 
YD«<rWF>bma'rv  1/111^893  *S  "°  compeer  amonff  the  many  works  at  present  in  existence.1'— The 

Mark  Lane  Ibc^relf^  0UB'U  t0  be  in  cvcry  farm  and  in  the  Iibrary  °c  every  land  owner. 

enu-ii  wL®  brightest  Kuide  to  the  practice  of  husbandry,  one  that  has  no  superior-no 

irlfkly  M™s y say-amonB  tbc  agricultural  literature  now  before  the  public. ••—Bell's 

0f  exhaastiveness  and  accuracy  the  work  will  certainly  hold  a pre-eminent  and 
cu!t!!rUPUh™  among  books  dealing  with  scientific  agricultural  practice.  It  is,  in  fact,  an  agri- 
llfei'iifcf1  “d  “ SUdl  U should  be  illthe  lmnds  of  every  agriculturist."-  MoVt/i 

British  Farm  Live  Stock. 

FARM  LIVE  STOCK  OF  GREAT  BRITAIN.  By  Robert 

f-e-s-e-.  &0->  Professor  of  Agriculture  and  Rural  Eco- 
M UMIVt.rs,lty  of  Edinburgh-  Third  Edition,  thoroughly  Revised 

.«.o.c,rrv^ 
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Dairy  Farming. 

BRITISH  DAIRYING.  A Handy  Volume  on  the  Work  of  the 

Dairy-Farm.  For  the  Use  of  Technical  Instruction  Classes,  Students  in 
Agricultural  Colleges,  and  the  Working  Dairy-Farmer.  By  Prof.j.  P.  Sheldon, 
late  Special  Commissioner  of  the  Canadian  Government,  Author  of  “ Dairy 
Farming,”  “The  Farm  and  the  Dairy,”  &c.  With  numerous  Illustrations. 
Crown  8vo,  2 s.  6d.  cloth.  LJnst  published. 

Agricultural  Facts  and  Figures. 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  AND  FIGURES 
FOR  FARMERS  AND  FARM  STUDENTS.  By  Primrose  McConnell. 
B.Sc.,  Fellow  of  the  Highland  and  Agricultural  Society.  Fourth  Edition. 
Royal  32mo,  roan,  gilt  edges,  with  band,  4s. 

“ Literally  teems  with  information,  and  we  can  cordially  recommend  it  to  all  connected  with 
agriculture.’  —North  British  Agriculturist. 

Small  Farming. 

SYSTEMATIC  SMALL  FARMING;  or,  The  Lessons  of  my 
Farm.  Being  an  Introduction  to  Modern  Farm  Practice  tor  Small  Farmei?. 
By  Robert  Scott  Burn,  Author  of  “Outlines  of  Modern  Farming,”  &c 
With  numerous  Illustrations,  crown  8vo,  6s.  cloth. 

"This  is  the  completest  book  of  its  class  we  have  seen,  and  one  which  every  amateur  farmer 
will  read  with  pleasure  and  accept  as  a guide.” — Field. 

"The  volume  contains  a vast  amount  of  useful  information.  No  branch  of  farming  is  left 
untouched,  from  the  labour  to  be  done  to  the  results  achieved.  It  may  be  safely  recommended  to 
all  who  think  they  will  be  in  paradise  when  they  buy  or  rent  a three-acre  farm.” — Glasgow  Herald. 

Modern  Farming. 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn. 
Soils,  Manures,  and  Crops — Farming  and  Farming  Economy — Cattle,  Sheep, 
and  Horses  — Management  of  Dairy,  Pigs,  and  Poultry — Utilisation  ot 
Town-Sewage,  Irrigation,  &c.  Sixth  Edition.  In  One  Vol.,  1,250  pp.,  half- 
bound, profusely  Illustrated,  12s. 

" The  aim  of  the  author  has  been  to  make  his  work  at  once  comprehensive  and  trustworthy, 
and  in  this  aim  he  has  succeeded  to  a degree  which  entitles  him  to  much  credit.” — Morning 
Advertiser.  "No  farmer  should  be  without  this  book.” — Banbury  Guardian. 

Agricultural  Engineering. 

FARM  ENGINEERING , THE  COMPLETE  TEXT-BOOK  OF. 

Comprising  Draining  and  Embanking;  Irrigation  and  Water  Supply ; Farm 
Roads,  Fences,  and  Gates;  Farm  Buildings,  their  Arrangement  and  Con- 
struction, with  Plans  and  Estimates;  Barn  Implements  and  Machines;  Field 
Implements  and  Machines;  Agricultural  Surveying,  Levelling,  &c.  By  Prof. 
John  Scott,  late  Professor  of  Agriculture  and  Rural  Economy  at  the  Royal 
Agricultural  College,  Cirencester,  &c.  &c.  In  One  Vol.,  1,150  pages,  half- 
bound, with  over  600  Illustrations,  12s. 

"Written  with  great  care,  as  well  as  with  knowledge  and  ability.  The  author  has  done  his 
work  well ; we  have  found  him  a very  trustworthy  guide  wherever  we  have  tested  his  statements  , 
The  volume  will  be  of  great  value  to  agricultural  students.”— Mark  Lane  Express. 

"For  a young  agriculturist  we  know  of  no  handy  volume  likely  to  be  more  usefully  studied.’ 
— Bell’s  IVeekly  Messenger. 

Agricultural  Text-Book. 

THE  FIELDS  OF  GREAT  BRITAIN  : A Text-Book  of 
Agriculture,  adapted  to  the  Syllabus  of  the  Science  and  Art  Department 
For  Elementary  and  Advanced  Students.  By  Hugh  Clements  (Board  of 
Trade).  Second  Edition,  Revised,  with  Additions.  i8mo,  2s.  6 d.  cloth. 

"A  most  comprehensive  volume,  giving  a mass  of  information." — Agricultural  Economist. 

"It  is  a long  time  since  we  have  seen  a book  which  has  pleased  us  more,  or  which  contains 
such  a vast  and  useful  fund  of  knowledge.” — Educational  Times. 

Tables  for  Farmers,  etc. 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS 
for  Farmers , Graziers,  Agricultural  Students,  Surveyors,  Laud  Agents,  Auc- 
tioneers, etc.  Selected  and  Arranged  by  Sidney  Francis.  Second  Edition, 
Revised.  272  pp.,  waistcoat-pocket  size,  is.  6 d.  limp  leather. 

“ Weighing  less  than  1 oz..  and  occupying  no  more  space  than  a match  box,  it  contains  a mass 
of  facts  and  calculations  which  has  never  before,  in  such  handy  lorm,  been  obtainable.  We 
cordially  recommend  it." — Bell’s  IVeekly  Messenger. 
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The  Management  of  Bees. 

BEES  FOR  PLEASURE  AND  PROFIT:  A Guide  to  the 

Manipulation  of  Bees,  the  Production  of  Honey,  and  the  General  Manage- 
ment of  the  Apiary.  By  G.  Gordon  Samson.  With  numerous  Illustrations. 
Crown  8vo,  is.  cloth. 

“ The  intending  bee-keeper  will  find  exactly  the  kind  of  information  required  to  enable  him 
to  make  a successful  start  with  his  hives.  The  author  is  a thoroughly  competent  teacher,  and  his 
book  may  be  commended.”— Morning  Post. 

Farm  and  Estate  Book-keeping. 

BOOK-KEEPING  FOR  FARMERS  &■  ESTATE  OWNERS. 

A Practical  Treatise,  presenting,  in  Three  Plans,  a System  adapted  for  all 
Classes  of  Farms.  By  Johnson  M.  Woodman,  Chartered  Accountant.  Second 
Edition,  Revised.  Cr.  8vo,  3s.  6 d.  cl.  bds. ; or  2 s.  6 d.  cl.  limp. 

" The  volume  is  a capital  study  of  a most  important  subject.” — Agricultural  Gazette. 

Farm  Account  Book. 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK.  Giving 

a Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and  Expen- 
diture under  each  Department  of  Crops,  Live  Stock,  Dairy,  &c.  &c.  With 
Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  end  of  the 
Year.  By  Johnson  M.  Woodman,  Chartered  Accountant,  Author  of  Book- 
keeping for  Farmers.”  Folio,  7s.  6 d.  half  bound.  [ culture , 

“Contains  every  requisite  form  for  keeping  farm  accounts  readily  and  accurately.” — Agri- 

Early  Fruits,  Flowers,  and  Vegetables. 

THE  FORCING  GARDEN ; or,  How  to  Grow  Early  Fruits, 
Flowers,  and  Vegetables.  With  Plans  and  Estimates  for  Building  Glass- 
houses, Pits,  and  Frames.  With  Illustrations.  By  Samuel  Wood.  Crown 
8 vo,  3s.  6 d.  cloth. 

"A  goud  book,  and  fairly  fills  a place  that  was  in  some  degree  vacant.  The  book  is  written  with 
.great  care,  and  contains  a great  deal  of  valuable  teaching." — Gardeners'  Magazine. 

Good  Gardening . 

A PLAIN  GUIDE  TO  GOOD  GARDENING  ; or,  Howto  Grow 
Vegetables,  Fruits,  and  Flowers.  By  S.  Wood.  Fourth  Edition,  with  con- 
siderable Additions,  &c.,  and  numerous  Illustrations.  Crown  8vo,  3s.  6d.  cl. 
“ May  be  recommended  to  young  gardeners,  cottagers,  and  specially  to  amateurs,  for’  the 
plain,  simple,  and  trustworthy  information  it  gives  on  common  macters  too  often  neglected."— 
Gardeners'  Chronicle. 


Gainful  Gardening. 

MULTUM-IN-PARVO  GARDENING;  or,  How  to  make  One 
Acre  of  Land  produce  £620  a-year  by  the  Cultivation  of  Fruits  and  Vegetables  • 
also,  How  to  Grow  Flowers  in  Three  Glass  Houses,  so  as  to  realise  £175  per 
annum  clear  Profit.  By  Samuel  Wood,  Author  of  “Gnnd  r,arric„inD  " 


Fifth  and  Cheaper  Edition,  Revised,  with  Additions. 


‘Good  Gardening,"  &c, 

- , . , . . Crown  8vo,  is.  sewed. 

“We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gentleman  s 
gardener,  but  to  the  market  grower." — Gardeners'  Magazine. 

Gardening  for  Ladies. 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN, 

and  Amateurs'  Complete  Guide.  With  Illusts.  By  S.  Wood.  Cr.8vo  as  6 d cl' 
" This  volume  contains  a good  deal  of  sound,  common  sense  instruction."— Florist'  ° " " * 

“ Full  of  shrewd  hints  and  useful  instructions,  based  on  a lifetime  of  experience.'  — Scotsman. 

Receipts  for  Gardeners. 

GARDEN  RECEIPTS.  Edited  by  Charles  W.  Quin.  i2mo 
is.  6 d.  cloth  limp. 

“ A useful  and  handy  book,  containing  a good  deal  of  valuable  intormution.  ’—Athenieum. 

Market  Gardening . 

MARKET  AND  KITCHEN  GARDENING.  By  Contributors 
to  “The  Garden.”  Compiled  by  C.  W.  Shaw,  late  Editor  of  ••  Gardening 
Illustrated.  i2mo,  3s.  6 d.  cloth  boards.  ® 

“The  most  valuable  compendium  of  kitchen  and  market-garden  work  published."— Farmer. 

■Cottage  Gardening. 

COTTAGE  GARDEN ING ; or,  Flowers,  Fruits,  and  Vegetables  for 

Small  Gardens.  By  E.  Hobday.  i2mo.  is.  6d.  cloth  limp. 

“ Contains  much  useful  information  at  a small  cliarge."— Glasgow  Herald. 
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AUCTIONEERING,  VALUING,  LAND  SURVEYING 
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Auctioneer’s  Assistant. 

THE  APPRAISER,  A UCTIONEER,  BROKER,  HOUSE  AND 
ESTA  TE  A GENT  AND  VAL  UER’S  POCKET  A SSISTA  NT,  for  the  Valua- 
tion for  Purchase,  Sale,  or  Repewal  of  Leases,  Annuities  and  Reversions,  and 
of  property  generally;  with  Prices  for  Inventories,  &c.  By  John  Wheeler, 
Valuer,  &c.  Sixth  Edition,  Re-written  and  greatly  extended  by  C.  Norris, 
Surveyor,  Valuer,  See.  Royal  32mo,  5s.  cloth. 

" A neat  and  concise  book  of  reference,  containing  an  admirable  and  clearly-arranged  list  of 
prices  for  inventories,  and  a very  practical  guide  to  determine  the  value  of  furniture, *c."— Standard. 

“ Contains  a large  quantity  of  varied  and  useful  information  as  to  the  valuation  for  purchase, 
sale,  or  renewal  of  leases,  annuities  and  reversions,  and  of  property  generally,  with  prices  for 
Inventories,  and  a guide  to  determine  the  value  of  interior  fittings  and  other  effects.”— Builder. 

Auctioneering. 

AUCTIONEERS : THEIR  DUTIES  AND  LIABILITIES. 

A Manual  of  Instruction  and  Counsel  for  the  Young  Auctioneer.  By  Robert 
Squibbs,  Auctioneer.  Second  Edition,  Revised  and  partly  Re-written.  Demy 
8vo,  12s.  6d.  cloth, 

“ The  standard  text-book  on  the  topics  of  which  it  treats.”— A thenaum. 

“ The  work  is  one  of  general  excellent  character,  and  gives  much  information  in  a con  pen- 
dious  and  satisfactory  form.” — Builder. 

“ May  be  recommended  as  giving  a great  deal  of  information  on  the  law  relating  to 
auctioneers,  in  a very  readable  form.”— Law  Journal. 

“ Auctioneers  may  be  congratulated  on  having  so  pleasing  a writer  to  minister  to  their  special 
needs.’ ' — Solicitors'  Jo  urn  a l. 

Inwood’s  Estate  Tables. 

TABLES  FOR  THE  PURCHASING  OF  ESTATES,  Freehold, 

Copyhold,  or  Leasehold;  Annuities,  A dvowsons,  etc.,  and  for  the  Renewing  of 
Leases  held  under  Cathedral  Churches,  Colleges,  or  other  Corporate  bodies 
for  Terms  of  Years  certain,  and  for  Lives  ; also  for  Valuing  Reversionary 
Estates,  Deterred  Annuities,  Next  Presentations,  &c. ; together  with  Smart’s 
Five  Tables  of  Compound  Interest,  and  an  Extension  of  the  same  to  Lower 
and  Intermediate  Rates.  By  W.  Inwood.  23rd  Edition,  with  considerable 
Additions,  and  new  and  valuable  Tables  of  Logarithms  for  the  more  Difficult 
Computations  of  the  Interest  of  Money,  Discount,  Annuities,  &c.,  by  M.  Fedor 
Thoman,  of  the  Societe  Credit  Mobiner  ot  Parts.  Crown  8vo,  8r.  cloth. 

“Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of  compensation 
cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c.,  will  find  the  present  edition  of 
eminent  service." — Engineering. 

Agricultural  Valuer’s  Assistant. 

THE  AGRICULTURAL  VALUER’S  ASSISTANT.  A Prac- 
tical Handbook  on  the  Valuation  of  Landed  Estates ; including  Rules  and 
Data  for  Measuring  and  Estimating  the  Contents,  Weights,  and  Values  of 
Agricultural  Produce  and  Timber,  and  the  Values  of  Feeding  Stuffs, 
Manures,  and  Labour;  with  Forms  of  Tenant-Right-Valuations,  Lists  of 
Local  Agricultural  Customs,  Scales  of  Compensation  under  the  Agricultural 
Holdings  Act,  &c.  &c.  By  Tom  Bright,  Agricultural  Surveyor.  Second 
Edition,  much  Enlarged.  Crown  8vo,  5s.  cloth.  [Jits/  published. 

'■  Full  of  tables  and  examples  in  connection  with  the  valuation  of  tenant-right,  estates,  labour, 
contents,  and  weights  of  timber,  and  farm  produce  of  all  kinds." — Agricultural  Gazette. 

“ An  eminently  practical  handbook,  full  of  practical  tables  and  data  of  undoubted  interest  and 
value  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds."— Farmer. 

Elantations  and  Underwoods. 

POLE  PLANTATIONS  AND  UNDERWOODS : A Practical 
Handbook  on  Estimating  the  Cost  of  Forming,  Renovating,  Improving,  and 
Grubbing  Plantations  and  Underwoods,  their  Valuation  for  Purposes  of 
Transfer,  Rental,  Sale,  or  Assessment.  By  Tom  Bright,  Author  of 
“The  AgriculturalValuer’s  Assistant,”  &c.  Crown  8vo,  3s.  6d.  cloth. 

" To  valuers,  foresters  and  agents  it  will  be  a welcome  aid." — North  British  Agriculturist. 
“Well  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties,  and  of  undoubted  interest 
and  use  both  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds."— Ken/  Herald. 
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Hudson’s  Land  Valuer’s  Pocket-Book. 

THE  LAND  VALUER’S  BEST  ASSISTANT:  Being  Tables 
on  a very  much  Improved  Plan,  for  Calculating  the  Value  of  Estates.  With 
Tables  for  reducing  Scotch,  Irish,  and  Provincial  Customary  Acres  to  Statute 
Measure,  &c.  By  R.  Hudson,  C.E.  New  Edition.  Royal  32010,  leather, 
elastic  band,  4s. 

Eivart’s  Land  Improver’s  Pocket-Book. 

THE  LAND  IMPROVER’S  POCKET-BOOK  OF  FORMULA!, 

TABLES,  and  MEMORANDA  required  in  any  Computation  relating  to  the 
Permanent  Improvement  of  Landed  Property  . By  John  Ewart,  Land  Surveyor 
and  Agricultural  Engineer.  Second  Edition,  Revised.  Royal  321110,  oblong, 
leather,  gilt  edges,  with  elastic  band,  4s. 

" A compendious  and  handy  little  volume.” — Spectator . 

Complete  Agricultural  Surveyor’s  Pocket-Book. 
THE  LAND  VALUER'S  AND  LAND  IMPROVER’S  COM- 
PLETE POCKET-BOOK.  Consisting  of  the  above  Two  Works  bound  to- 
gether. Leather,  gilt  edges,  with  strap,  7s.  6 d. 

House  Property. 

HANDBOOK  OF  HOUSE  PROPERTY.  A Popular  and  Practi- 
cal Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory  Sale  of 
Houses  and  Land,  including  the  Law  of  Dilapidations  and  Fixtures;  with 
Examples  of  all  kinds  of  Valuations,  Useful  Information  on  Building,  and 
Suggestive  Elucidations  of  Fine  Art.  By  E.  L.  Tarbuck,  Architect  and 
Surveyor.  Fifth  Edition,  Enlarged.  i2mo,  5s.  cloth. 

" The  advice  is  thoroughly  practical  ."—Law  Journal. 

“ For  all  who  have  dealings  with  house  property,  this  is  an  indispensable  guide.”— Decoration. 
“Carefully  brought  up  to  date,  and  much  improved  by  the  addition  of  a division  on  fine- 
art.  . . . A well -written  and  thoughtful  work."—  Land  Agent's  Record. 


LAW  AND  MISCELLANEOUS. 


Private  Bill  Legislation  and  Provisional  Orders. 
HANDBOOK  FOR  THE  USE  OF  SOLICITORS  AND  EN- 
GINEERS Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provi- 
sional Orders,  for  the  Authorization  of  Railways,  Tramways,  Works  for  the- 
Supply  of  Gas  and  Water,  and  other  undertakings  of  a like  character.  By 

L.  Livingston  Macassev,  of  the  Middle  Temple,  Barrister-at-Lavv, 

M.  Inst. C.E. ; Author  of  “ Hints  on  Water  Supply . ” Demy  8vo,  950  pp.,  25s.  cl. 
" The  author’s  double  experience  as  an  engineer  and  barrister  has  enabled  him  to  approach- 

the  subject  alike  from  an  engineering  and  legal  point  of  view.” — Locat  Govemtnejit  Chronicle. 

Law  6f  Patents. 

PATENTS  FOR  INVENTIONS,  AND  HOW  TO  PROCURE 

THEM.  Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By 
G.  G.  M.  Hardingham,  Assoc. Mem. Inst.C.E.,  &c.  Demy  8vo,  2s.  6 d.  cloth. 

Metropolitan  Rating  Appeals. 

REPORTS  OF  APPEALS  HEARD  BEFORE  THE  COURT 
OF  GENERAL  ASSESSMENT  SESSIONS,  from  the  Year  1871  to  1885. 
By  Edward  Rvde  and  Arthur  Lyon  Ryde.  Fourth  Edition,  with  Introduc- 
tion and  Appendix  by  Walter  C.  Ryde,  of  the  Inner  Temple,  Barrister- at- 
Law.  8vo,  16s.  cloth. 

Pocket-Book  for  Sanitary  Officials. 

THE  HEALTH  OFFICER'S  POCKET-BOOK : A Guide  to 
Sanitary  Practice  and  Law.  For  Medical  Officers  of  Health,  Sanitary  In- 
spectors, Members  of  Sanitary  Authorities,  &c.  By  Edward  F.  Willoughby, 
M.D.  (Lond.),  &c„  Author  of  “ Hygiene  and  Public  Health.’’  Fcap.  8vo, 
7s.  6d.  cloth,  red  edges,  rounded  corners.  [Just  published. 

. ’’  A mine  of  condensed  information  of  a pertinent  and  useful  kind  on  the  various  subjects  of 
which  it  treats.  The  matter  seems  to  have  been  carefully  compiled  and  arranged  for  facility  of 
eference,  and  it  :we  11  illustrated  by  diagrams  and  woodcuts.  The  different  subjects  are 
succinctly  but  fully  and  scientifically  dealt  with.”—  The  Lancet. 


4S  CROSBY  LOCKWOOD  S-  SON’S  CATALOGUE. 


A Complete  Epitome  of  the  Laws  of  this  Country. 
EVERY  MAN'S  OWN  LAWYER:  A Handy-Book  of  the 
Principles  of  Law  and  Equity.  By  A Barrister.  Thirtieth;Edition,  care- 
fully Revised,  and  including;  the  Legislation  of  1S92.  Comprising  (amongst 
other  Acts)  the  Betting  and  Loans  ( Infants ) Act,  1892;  the  Small  Holdings 
Act,  1892  ; the  Clergy  Discipline  Act,  1892  ; the  Conveyancing  and  Law  of  Pro- 
perty Actt  1892,  &c. ; as  well  as  the  Forged  Transfers  Act,  1891  ; the  Custody 
of  Children  Act,  1891;  the  Slander  of  Women  Act,  1891;  the  Bankruptcy 
Act,  1890;  the  Directors'  Liability  Act,  1890;  the  Partnership  Act,  1890;  the 
Intestates'  Estates  Act,  7890,  and  many  other  new  Acts.  Crown  8vo,  700  pp., 
price  6s.  8 d.  (saved  at  every  consultation! ),  strongly  bound  in  cloth. 

[Just  published 

***  The  Book  will  be  found  to  comprise  ( amongst  other  matter) — 

The  rights  and  wrongs  of  individuals— Landlord  and  Tenant— Vendors 
and  purchasers— partners  and  Agents— companies  and  Associations— masters, 
Servants,  and  Workmen— leases  and  Mortgages— Church  and  Clergy,  ritual 
—Libel  and  slander— contracts  and  agreements -bonds  and  bills  of  Sale- 
Cheques,  Bills,  and  Notes  -Railway  and  Shipping  Law— Bankruptcy  and  In- 
surance-Borrowers, Lenders,  and  Sureties— Criminal  Law— parliamentary 
Elections— County  Councils— Municipal  Corporations— Parish  Law.  Church- 
wardens, etc.— Insanitary  Dwellings  and  Areas— Public  Health  and  Nuisances 
—Friendly  and  Building  Societies  — Copyright  and  Patents  — Trade  Marks 
and  designs  — Husband  and  Wife,  divorce,  etc.— Trustees  and  Executors  — 
Guardian  and  ward,  infants,  etc.— Game  laws  and  sporting -horses,  horse- 
.dealing,  and  dogs— Innkeepers,  Licensing,  etc.— forms  of  Wills,  Agreements, 
etc.  etc 

IS”  The  object  of  this  work  is  to  enable  those  who  consult  it  to  help  them- 
selves to  the  law ; and  thereby  to  dispense,  as  far  as  possible,  with  professional 
assistance  and  advice.  There  are  many  wrongs  and  grievances  which  persons  sub- 
mit to  from  time  to  time  through  not  knowing  how  or  where  to  apply  for  redress  ; and 
many  persons  have  as  great  a dread  of  a lawyer's  office  as  of  a lion’s  den.  With  this 
book  at  hand  it  is  believed  that  many  a Six-and-Eightpence  may  be  saved ; many 
a wrong  redressed  ; many  a right  reclaimed ; many  a law  suit  avoided  ; and  many 
an  evil  abated.  The  work  has  established  itself  as  the  standard  legal  adviser  of  all 
classes,  and  has  also  made  a reputation  for  itself  as  a useful  book  of  reference  for 
lawyers  residing  at  a distance  from  law  libraries,  who  are  glad  to  have  at  hand  a 
work  embodying  recent  decisions  and  enactments. 

*»*  Opinions  of  the  Press. 

“ It  is  a complete  code  of  English  Law,  written  in  plain  language,  which  all  can  understand. 

Should  be  in  the  hands  of  every  business  man,  and  all  who  wish  to  abolish  lawyers’  bills.'  — 
Weekly  Times. 

‘‘  A useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care.” — La-w  Magazine 
“A  complete  digest  of  the  most  useful  facts  which  constitute  English  law.” — Globe. 

“This  excellent  handbook.  . . . Admirably  done,  admirably  arranged,  and  admirably 
cheap."— Leeds  Mercury. 

“ A concise,  cheap  and  complete  epitome  of  the  English  law.  So  plainly  written  that  he  who 
runs  may  read,  and  he  who  reads  may  understand.’  —Figaro. 

“ A dictionary  of  legal  facts  well  put  together.  The  book  is  a very  useful  one." — Spectator. 

‘‘A  work  which  has  long  been  wanted,  which  is  thoroughly  well  done,  and  which  we  most 
cordially  recommend.”— Sunday  Titties. 

“The latest  edition  of  this  popular  book  ought  to  be  in  every  business  establishment,  and  on 
every  library  table.”— Sheffield  Post. 

“ A complete  epitome  of  the  law;  thoroughly  intelligible  to  non-professional  readers.” 

Bell's  Life. 

Legal  Guide  for  Pawnbrokers. 

THE  PAWNBROKERS’,  FACTORS'  AND  MERCHANTS' 
GUIDE  TO  THE  LAW  OF  LOANS  AND  PLEDGES.  With  the 
Statutes  and  a Digest  of  Cases  on  Rights  and  Liabilities,  Civil  and  Criminal, 
as  to  Loans  and  Pledges  of  Goods.  Debentures,  Mercantile  and  other  Se- 
curities. By  H.  C.  Folkard,  Esq.,  Barrister-at-Law,  Author  of  “ The  Law 
of  Slander  and  Libel,”  &c.  With  Additions  and  Corrections.  Fcap.  8vo, 
3s.  6 d.  cloth. 

u -phis  work  contains  simply  everything  that  requires  to  be  known  concerning  the  department 
of  the  law  of  which  it  treats.  We  can  safely  commend  the  book,  as  unique  and  very  nearly  perfect.” 
—Iron. 

The  Law  of  Contracts. 

LABOUR  CONTRACTS : A Popular  Handbook  on  the  Law 
of  Contracts  for  Works  and  Services.  By  David  Gibbons.  Fourth  Edition, 
with  Appendix  of  Statutes  by  T.  F.  Uttley,  Solicitor.  Fcap.  Svo,  3s.  6d. 
cloth.  published. 
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LONDON,  1862. 
THE  PRIZE  MEDAL 

Was  awarded  to  tlie  Publishers  of 

“WEALE’S  SERIES.” 

« 


A NEW  LIST  OF 

WEALE’S  SERIES 

RUDIMENTARY  SCIENTIFIC, EDUCATIONAL, 
AND  CLASSICAL. 

Comprising  nearly  Three  Hundred  and  Fifty  distinct  -works  in  almost  every 
department  of  Sci>  nee.  Art , anti  is  attention,  recommended  to  the  notice  o!  T inn  peers , 
A rchitects,  Builders,  Artisans,  and  Students  generally,  as  well  as  to  those  interested 
in  U'orkmetf  s /. theories.  Literary  a tut ' Scten  1 1 tic  Institutions . ( nt teres,  Sr /tools, 
Sciew  e ( lasses,  tm .,  ore. 


“ WEALE’S  SERIES  includes  Text-Books  on  almost  every  branch  of 
Science  and  Industry,  comprising  such  subjects  as  Agriculture,  Architecture 
and  Building,  Civil  Engineering,  Fine  Arts,  Mechanics  and  Mechanical 
Engineering,  Physical  and  Chemical  Science,  and  many  miscellaneous 
Treatises.  The  whole  are  constantly  undergoing  revision,  and  new  editions, 
brought  up  to  the  latest  discoveries  in  scientific  research,  are  constantly 
issued.  The  prices  at  which  they  are  sold  are  as  low  as  their  excellence  is 
assured.” — American  Literary  Gazette. 

“ Amongst  the  literature  of  technical  education,  Weale’s  Series  has  ever 
enjoyed  a high  reputation,  and  the  additions  being  made  by  Messrs.  Crosby 
Lockwood  & Son  render  the  series  more  complete,  and  bring  the  informa- 
tion upon  the  several  subjects  down  to  the  present  time." — Minin:  Journal. 

“ It  is  not  too  much  to  say  that  no  books  have  ever  proved  more  popular 
with,  or  more  useful  to,  young  engineers  and  others  than  the  excellent 
treatises  comprised  in  Whale's  Series." — Engineer. 

“ The  excellence  of  Weale'S  Series  is  now  so  well  appreciated,  that  it 
would  be  wasting  our  space  to  enlarge  upon  their  general  usefulness  and 
value." — R uilder. 

“The  volumes  of  Weale’s  Series  form  one  of  the  best  collections  of 
elementary  technical  books  in  any  language." — Architect. 

“ WEALE’S  SERIES  has  t>ecome  a standard  as  well  as  an  unrivalled 
collection  of  treatises  in  all  branches  of  art  and  science." — Public  Opinion. 


©PHILADELPHIA,  1876. 
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weale’s  rudimentary  series. 


WEALE’S  RUDIMENTARY  SCIENTIFIC  SERIES. 


The  volumes  of  this  Series  are  freely  Illustrated  with 
Woodcuts,  or  otherwise,  where  requisite.  Throughout  the  fol- 
lowing List  it  must  be  understood  that  the  books  are  bound  in 
limp  cloth,  unless  otherwise  stated  ; but  the  volumes  marked 
■tuith  a t may  also  be  had  strongly  bound  in  cloth  boards  for  6 d. 
extra. 

N.B. — In  ordering  from  this  List  it  is  recommended , as  a 
means  of  facilitating  business  and  obviating  error , to  quote  the 
numbers  affixed  to  the  volumes , as  well  as  the  titles  and  f rices. 


CIVIL  ENGINEERING,  SURVEYING,  ETC. 

No. 

31.  WELLS  AND  WELL-SINKING.  By  John  Geo.  Swindell, 

A.R.I.B.A.,  and  G.  R.  Burnell,  C.E.  Revised  Edition.  With  a New 
Appendix  on  the  Qualities  of  Water.  Illustrated.  2s. 

35.  THE  BLASTING  AND  QUARRYING  OF  STONE , for 

Building  and  other  Purposes.  By  Gen.  Sir  J.  Burgoyne,  Bart.  is.  6d. 

43.  TUBULAR,  AND  OTHER  IRON  GIRDER  BRIDGES,  par- 

ticularly describing  the  Britannia  and  Conway  Tubular  Bridges.  By  G. 
Drysdale  Dempsey,  C.E.  Fourth  Edition.  2s. 

44.  FOUNDATIONS  AND  CONCRETE  WORKS,  with  Practical 

Remarks  on  Footings,  Sand,  Concrete,  Beton,  Pile-driving,  Caissons,  and 
Cofferdams,  &c.  By  E.  Dobson.  Seventh  Edition,  is.  6d. 

60.  LAND  AND  ENGINEERING  SUR  VE  YING.  By  T.  Baker, 

C.E.  Fifteenth  Edition,  revised  bv  Professor  J.  R.  Young.  2s. f 

80*.  EMBANKING  LANDS  FROM  THE  SEA.  With  examples 

and  Particulars  of  actual  Embankments,  &c.  By  J.  Wiggins,  F.G.S.  2s. 
81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 
a Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water,  &c.  By  S.  Hughes,  C.E.  New  Edition.  4s. t 

« 18.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a Sketch 

of.  By  David  Stevenson,  F.R.S.E.,  &c.  Plates  and  Diagrams.  3s. 

167.  IRON  BRIDGES , GIRDERS,  FOOLS,  AND  OTHER 

WORKS.  By  Francis  Campin,  C.E.  2s.  6d.f 

197.  ROADS  AND  SIREETS.  By  H.  Law,  C.E.,  revised  and 

enlarged  by  D.  K.  Clark,  C.E.,  including  pavements  of  Stone,  Wood, 
Asphalte,  &c.  as.  6d.i 

203.  SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND  IN 
VILLAGES.  By  C.  Slagg,  A.M.I.C.E.  Revised  Edition.  3s.i 

212.  GAS-WORKS,  THEIR  CONSTRUCTION  AND  ARRANGE- 

MENT-, and  the  Manufacture  and  Distribution  of  Coal  Gas.  Originally 
written  by  Samuel  Hughes,  C.E.  Re-written  and  enlarged  by  William 
Richards,  C.E.  Eighth  Edition,  with  important  additions.  5s.  6d.t 

213.  PIONEER  ENGINEERING.  A Treatise  on  the  Engineering 

Operations  connected  with  the  Settlement  of  Waste  Lands  in  New  Coun- 
tries. By  Edward  Dorson,  Assoc.  Inst.  C.E.  4s.  6d.t 
216.  MATERIALS  AND  CONS7 RUCTION ; A Theoretical  and 
Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of  Works  of  Con- 
struction. Bv  Francis  Campin,  C.E.  Second  Edition,  revised.  3S.4 
219.  CIVIL  ENGINEERING.  By  Henry  Law,  M.Inst.  C.E. 
Including  Hydraulic  Engineering  by  Guo.  R.  Burnell,  M.Inst.  C.E. 
Seventh  Edition,  revised,  with  large  additions  by  D.  Kinnkar  Clark, 
M.Inst.  C.E.  6s  6d.,  Cloth  boards,  7s.  6d. 

268  THE  DRAINAGE  OF  LANDS,  TOWNS.  & BUILDINGS. 

By  G.  D.  Dempsey,  C.E.  Revised,  with  large  Additions  on  Recent  Practice 
in  Drainage  Engineering,  by  D.  Kinnkar  Clark,  M I. C.E.  Second  Edition. 
Corrected.  4s.  6d.t 

Shit  7 he  X indicates  that  these  vo/s.  may  be  had  strongly  bound  at  bd.  extra. 
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MECHANICAL  ENGINEERING,  ETC. 

33.  CRANES,  the  Construction  of,  and  other  Machinery  for  Raising 

Heavy  Rodies.  By  Joseph  Glynn,  E.R.S.  Illustrated,  is.  6d. 

34.  THE  STEAM  ENGINE.  By  Dr.  Lardner.  Illustrated,  is.  6d. 
59.  STEAM  BOILERS:  their  Construction  and  Management.  By 

R.  Armstrong,  C.E.  Illustrated,  is.  6d. 

82.  THE  POWER  OF  WATER,  as  applied  to  drive  Flour  Mills, 
and  to  five  motion  to  Turbines,  &c.  By  Joseph  Glynn,  F.R.S.  2s.t 
98.  PRACTICAL  MECHANISM,  the  Elements  of;  and  Machine 
Tools.  By  T.  Baker,  C.E.  With  Additions  by  J.  Nasmyth,  C.E.  2s.  6d.t 
139.  THE  STEAM  ENGINE,  a Treatise  on  the  Mathematical  Theory 

of,  with  Rules  and  Examples  for  Practical  Men.  By  T.  Baker,  C.E.  is.  6d. 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  Steam  En- 

gines, Bridges,  Ship-building,  &c.  ByJ.  G.  Winton.  New  Edition.  3s.  6d.J 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Girders.  By  J.  Armour.  2S.  6d.l 

166.  POWER  IN  MOTION : Horse-Power,  Toothed- Wheel  Gearing, 

Long  and  Short  Driving  Bands,  and  Angular  Forces.  ByJ.  Armour,  2S.I 

171.  THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  ByJ.  Maxton.  7th  Edn.  With  7 Plates  and  350  Cuts.  3s.  6d.J 
190.  STEAM  AND  THE  STEAM  ENGINE,  Stationary  and 
Portable.  By  J.  Sewell  and  D.  K.  Clark,  C.E.  3s.  6d.$ 

200.  FUEL,  its  Combustion  and  Economy.  By  C.  W.  Williams. 

With  Recent  Practice  in  the  Combustion  and  Economy  of  Fuel — Coal,  Coke, 
Wood,  Peat,  Petroleum,  &c. — by  D.  K.  Clark,  M.I.C.E.  3s.  6d.t 
202.  LOCOMOTIVE  ENGINES.  By  G.  D.  Dempsey,  C.E. ; with 
large  additions  by  D.  Kinnear  Clark,  M.LC.E.  3s.t 
21 1.  THE  BOILERMAKER' S ASSISTANT  in  Drawing,  Tern- 

plating,  and  Calculating  Boiler  and  Tank  Work.  By  John  Courtney, 
Practical  Boiler  Maker.  Edited  by  D.  K.  Clark,  C.E.  100  Illustrations.  2s. 

217.  SEWING  MACHINERY : Its  Con-traction,  History,  &c.,  with 
full  Technical  Directions  for  Adjusting,  &c.  By  J.  W.  Urquhart,  C.E.  2S.1 
223.  MECHANICAL  ENGINEER ING.  Comprising  Metallurgy, 

Moulding,  Casting,  Forging,  Tools,  Workshop  Machinery,  Manufacture  ol 
the  Steam  Engine,  &c.  By  Francis  Campin',  C.E.  Second  Edition.  2s.  6d.l 

236.  DETAILS  OF  MACHINERY.  Comprising  Instructions  for 

the  Execution  of  various  Works  in  Iron.  By  Francis  Campin,  C.E.  3s.! 

237.  THE  SMITHY  AND  FORGE;  including  the  Farrier’s  Art  and 

Coach  Smithing.  By  W.  J.  E.  Crane.  Illustrated.  2s.  6d.f 

238.  1 HE  SHEET-METAL  WORKER' S GUIDE;  a Practical  Hand- 

book tor  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.  With  04  Diagrams  and 
Working  Patterns.  By  W.  J.  E.  Crane.  Second  Edition,  revised,  is.  5d. 
251.  STEAM  AND  MACHINERY  MANAGEMENT : with  Hints 
on  Construction  and  Selection.  Bv  M.  Powis  Rale,  M.I.M  E.  2s.  6d.4 

254.  THE  BOILERMAKER'S  READY-RECKONER.  By  J. 

Courtney.  Edited  by  D.  K.  Clark,  C.E.  4s. 

V Nos  2it  and 254  in  One  Vo  l , half-bound, entitled"  The Boilkrmaker’sReady- 
Reckoner  and  Assistant.”  By  J.  Courtney  and  D.  K.  Clark.  7s. 

255.  LOCOMOTIVE  ENGINE-DRIVING.  A Practical  Manual  for 

Engineers  in  charge  of  Locomotive  Engines.  By  Michael  Reynolds,  M.S.E. 
Eighth  Edition.  3s.  6d.,  limp;  4s  6d.  cloth  boards. 

256.  STATIONARY  ENGINE-DRIVING.  A Practical  Manual  for 

Engineers  in  charge  of  Stationary  Engines.  By  Michael  Reynolds,  M.S.E. 
Fourth  Edition.  3s  6d.  limp  ; 4s.  6d.  cloth  boards. 

260.  IRON  BRIDGES  OF  MODERATE  SPAN:  their  Construc- 

tion and  Erection.  By  Hamilton  W.  Pendred.  C.E.  2s. 

7 he.  \ indicates  that  these.  voLs.  may  be.  had  strongly  bound  at  6 d.  extra. 
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MINING,  METALLURGY,  ETC. 

4.  MINERALOGY,  Rudiments  of;  a concise  View  of  the  General 
Properties  of  Minerals.  By  A.  Ramsay,  F.G.S.,  F.R.G.S.,  &c.  Third 
Edition,  revised  and  enlarged.  Illustrated.  3s.  6d.t 

1 1 7-  SUBTERRANEOUS  SUR  VEYJNG,  with  and  without  the  Mag- 
netic Needle.  By  T.  Fenwick  and  T.  Baker,  C.E.  Illustrated.  2s.  6d.  X 
135*  ELECL RO-MELALLURG  V ; Practically  Treated.  By  Alex- 
ander Watt.  Ninth  Edition,  enlarged  and  revised,  with  additional  Illus- 
trations, and  including  the  most  recent  Processes.  3s.  6d.i 

172.  MINING  1 OOLS,  Manual  of.  For  the  Use  of  Mine  Managers, 

Agents,  Students,  &c.  By  William  Morgans.  2s.  6d. 

172*.  MINING  TOOLS , ATLAS  of  Engravings  to  Illustrate  the  above, 

containing  235  Illustrations,  drawn  to  Scale.  4to.  4s.  6d. 

176.  MELALLURGY  OF  IRON.  Containing  History  of  Iron  Manu- 
facture, Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.  Sixth  Edition, 
revised  and  enlarged.  5s. f 

180.  COAL  AND  COAL  MINING.  By  llie  late  Sir  Warington  W. 

Smyth,  M.A.,  F.R.S.  Seventh  Edition,  revised.  3s.  6d.| 

195.  I HE  MINERAL  SURVEYOR  AND  VALUER'S  COM. 
PI  HE  GUIDE.  By  W.  Lintern,  M.E.  Third  Edition,  including  Mag- 
netic and  Angular  Surveying.  With  Four  Plates.  3s.  6d.t 
214.  SLAIE  AND  SLAIE  QUARR  Y1NG,  Scientific,  Practical,  and 
Commercial.  By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  8tc.  3s.t 

264.  A FIRST  BOOK  OF  MINING  AND  QUARRYING,  with  the 

Sciences  connected  therewith,  for  Primary  Schools  and  Self  Instruction.  By 
J.  H.  Collins,  F.G.S.  Second  Edition,  with  additions,  is.  6d. 


ARCHITECTURE,  BUILDING,  ETC. 

16.  ARCHIL  ECl'URE — ORDERS — The  Orders  and  their  ^Esthetic 

Principles.  By  W.  H.  Leeds.  Illustrated,  is.  6d. 

17.  ARCHII'ECIURE — SL  YLES— The  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  the 
Present  Period.  By  T.  Talbot  Bury,  F.R.I.B.A.,  &c.  Illustrated.  2s. 

*#*  Orders  and  Styles  of  Architecture,  in  One  Vol .,  31.  id. 

18.  ARCHIL  ECL'URE — DESIGN — The  Principles  of  Design  in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  the 
Greek  and  Gothic  Architects.  By  E.  L.  Garrett,  A rchitect.  Illustrated.  2s.6d. 
•o*  The  three  preceding  IVorks,  in  One  handsome  Vol.,  half  bound , entitled 
“ Modern  Architecture,”  price  6s. 

22.  THE  ART  OF  BUILDING,  Rudiments  of.  General  Principles 

of  Construction,  Materials  used  in  Building,  Strength  and  Use  of  Materials, 
Working  Drawings,  Specifications,  and  Estimates.  By  E.  Dobson.  2s.| 

25 . MASONRY  AND  STONE  CUTTING : Rudimentary  Treatise 
on  the  Principles  of  Masonic  Projection  and  their  application  to  Con- 
struction. By  Edward  Dobson,  M.R.I.B.A.,  &c.  2s.  6d.| 

42,  COLLAGE  BUILDING.  By  C.  Bruce  Ai.i.en,  Architect 

El  even  tli  Edition,  revised  and  enlarged.  With  a Chapter  on  Economic  Cottages 
lor  Allotments,  by  Edward  E.  Ali.i  n,  C.E.  2s. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 
PLASTER ING,  &c.  By  G.  R.  Burnell,  C.E  Fourteenth  Edition,  is.  fed. 
57.  WARMING  AND  l EN II LAI  ION.  An  Exposition  of  the 

General  Principles  as  applied  to  Domestic  and  Public  Buildings,  Mines, 
Lighthouses,  Ships,  &c.  By  C.  Tomlinson,  F.R.S.,  &c.  Illustrated.  3s. 
hi.  ARCHES,  TIERS,  BULL R ESSES  & re.:  Experimental  Essays 
on  the  Principles  01  Construction.  Hi  W.  Bi„and.  Illustrated,  is.  fed. 

'1  hr  t rmtuatrs  that  i/trsr  may  hr  ha  a Rtf  ottyh  bound  at  extra. 
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Architecture,  Building,  etc.,  continued. 

116.  THE  ACOUSTICS  OF  PUBLIC  BUILDINGS ; or,  The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the  Architect  and 
Builder.  By  T.  Roger  Smith,  M.R. I. B.A.,  Architect.  Illustrated,  is.  6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER , the  Art  of. 

By  T.  A.  Richardson,  Architect.  Illustrated,  is.  6d. 

128.  VITRUVIUS— THE  ARCHITECTURE  OF  MARCUS 

VITRUVIUS  POLLO.  In  Ten  Books.  Translated  from  the  Latin  by 
Joseph  Gwilt,  F.S.A.,  F.R.A.S.  With  23  Plates.  5s. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  Beauty  in ; with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.  By  the  Earl  of  Aberdeen,  is. 

%•  The  two  preceding  Works  in  One  handsome  VoL.,  half  bound,  entitled  “Ancient 
Architecture,”  price  6s. 

132.  THE  ERECTION  OF  DWELLING-HOUSES.  Illustrated  by 

a Perspective  View,  Plans,  Elevations,  and  Sections  of  a pair  of  Semi- 
detached Villas,  with  the  Specification,  Quantities,  and  Estimates,  &c.  By 
S.  H.  Brooks.  New  Edition,  with  Plates.  2s.  6d.t 
156.  QUANTI1 IES  Sr  MEASUREMENTS  in  Bricklayers’,  Masons’, 

Plasterers’,  Plumbers’,  Painters’,  Paperhangers’,  Gilders’,  Smiths’,  Carpenters’ 
and  Joiners’  Work.  By  A.  C.  Beaton,  Surveyor.  Ninth  Edition,  is.  6d. 

175.  LOCKWOOD'S  BUILDER'S  PRICE  BOOK  FOR  1893.  A 

Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders, 
Architects,  Engineers,  and  Contractors.  Re-constructed,  Re-written,  and 
'further  Enlarged.  By  Francis  T.  W.  Miller,  A.R.I.B.A.  700  pages. 
3s.  6d. ; cloth  boards,  4s.  \J  us  t Published. 

182.  CARPENTRY  AND  JOINERY—  The  Elementary  Prin- 
ciples of  Carpentry.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Tredgold,  C.E.  With  a TREATISE  ON  JOINERY  by  E. 
Wyndham  Tarn,  M.A.  Fifth  Edition,  Revised.  3s.  6d.t 
182*.  CARPENTRY  AND  JOINERY.  ATLAS  of  35  Plates  to 
accompany  the  above.  With  Descriptive  Letterpress.  4to.  6s. 

185.  THE  COMPLETE  MEA SUR ER  ; the  Measurement  of  Boards, 
Glass.  &c. ; Unequal-sided,  Square-sided,  Octagonal-sided,  Round  Timber 
and  Stone,  and  Standing  Timber,  8tc.  By  Richard  Horton.  Fifth 
Edition.  4s. ; strongly  bound  in  leather,  5s. 

187.  HI IV IS  TO  YOUNG  ARCHITECTS.  By  G.  Wightwick. 

New  Edition.  By  G.  H.  Guillaume.  Illustrated.  3s.  6d.f 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING : with  a Course  of  Elementary  Drawing  for  House- Painters,  Sign- 
Writers,  &c.,  and  a Collection  of  Useful  Receipts.  By  Ellis  A.  Davidson. 
Sixth  Edition.  With  Coloured  Plates.  5s.  cloth  limp  ; 6s.  cloth  boards. 

189.  THE  RUDIMENTS  OF  PRACTICAL  BRICKLAYING. 

In  Six  Sections:  General  Principles;  Arch  Drawing,  Cutting,  and  Setting: 
Pointing;  Paving,  Tiling,  Materials;  Slating  and  Plastering;  Practical 
Geometry,  Mensuration,  8tc.  By  Adam  Hammond.  Seventh  Edition,  is.  6d. 

191.  PLUMBING.  A Text-Book  to  the  Practice  of  the  Art  or  Craft  ol 

the  Plumber.  With  Chapters  upon  House  Drainage  and  Ventilation.  Sixth 
Edition.  With  380  Illustrations.  By  W.  P.  Buchan.  3s.  6d.f 

192.  THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANTS, 

and  BUILDER’S  STANDARD  GUIDE.  By  R.  E.  Grandy.  2s. 

206.  A BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  including 

Church  Restoration.  With  the  Theory  of  Domes  and  the  Great  Pyramid, 

8c.  By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  Q.C.,  F.R.A.S.  4s.  6d.t 
226.  THE  JOINTS  MADE  AND  USED  BY  BUILDERS  in  the 

Construction  of  various  kinds  of  Fngincering  and  Architectural  Works.  By 
WyvillJ.  Christy,  Architect.  With  unwardsof  160  Engravingson  Wood.  3s. t 

228.  THE  CONS!  RUCTION  OF  ROOFS  OF  WOOD  AND  IRON. 
By  E.  Wyndham  Tarn,  M.A.,  Architect.  Second  Edition,  revised,  is.  6d. 

835“  The  t indicates  that  these  vols.  mav  be  had  strongly  bound  at  6 d.  extra. 
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Architecture,  Building,  etc.,  continued. 

229.  ELEMENTARY  DECORATION : as  applied  to  the  Interior 

and  Exterior  Decoration  of  Dwelling-Houses,  &c.  By  J.  W.  Facey.  2s. 

257.  PRACTICAL  HOUSE  DECORATION.  A Guide  to  the  Art 

of  Ornamental  Painting.  By  James  W.  Facey.  2s.  6d. 

*«*  The  two  preceding  Works,  in  One  handsome  Vol.,  half-bound,  entitled  “ House 
Decoration.  Elementary  and  Practical,”  price  5 r. 

230.  A PRACTICAL  TREATISE  ON  HANDRAILING.  Showing 

New  and  Simple  Methods.  By  G.  Collings.  Second  Edition,  Revised, 
including  A Treatise  on  Stairbuilding.  Plates.  2s.6d. 

247.  BUILDING  ESI ATES  : a Rudimentary  Treatise  on  the  Develop- 

ment, Sale,  Purchase,  and  General  Management  of  Building  Land.  By 
Fowler  Maitland,  Surveyor.  Second  Edition,  revised.  2s. 

248.  PORTLAND  CEMENT  FOR  USERS.  By  Henry  Faija, 

Assoc.  M.  Inst.  C.E.  Third  Edition,  corrected.  Illustrated.  2s. 

252.  BRICKWORK : a Practical  Treatise,  embodying  the  General 

and  Higher  Principles  of  Bricklaying,  Cutting  and  Setting,  &c.  By  F. 
Walker.  Third  Edition,  Revised  and  Enlarged,  is.  6d. 

23.  THE  PRACTICAL  BRICK  AND  TILE  BOOK.  Comprising: 
189.  Brick  and  Tile  Making,  by  E.  Dobson,  A. I. C.E. ; Practical  Bricklay- 
265.  ing,  by  A.  Hammond  ; Brickcutting  and  Setting,  by  A.  Hammond.  534 
pp.  with  270  Illustrations,  os.  Strongly  half-bound. 

253.  THE  TIMBER  MERCHANT'S , SAW-MILLER'S , AND 

IMPORTER’S  FREIGHT-BOOK  AND  ASSISTANT.  ByW».  Rich- 
ardson. With  Additions  by  M.  Powis  Bale,  A.M.Inst.C.E.  3s.t 

258.  CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY. 

A Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature. 
By  George  Collings.  Second  Edition,  2s.  6d. 

259.  GAS  FITTING : A Practical  Handbook  treating  of  every 

Description  of  Gas  Laying  and  Fitting.  By  John  Black.  2s.  6d.t 

261.  SHORING  AND  ITS  APPLICATION : A Handbook  for  the 

Use  of  Students.  By  George  H.  Bi.agrovk.  is.  6d. 

265.  THE  AR  T OF  PR  A CTICAL  BRICK  CUTTING  <5r*  SETTING. 

By  Adam  Hammond.  With  qo  kngravings.  is.  6d. 

267.  THE  SCIENCE  OF  BUILDING:  An  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A.  Lond.  Third 
Edition,  Revised  and  Enlarged.  3s.  6d.t 

271.  VENTILATION : a Text-book  to  the  Practice  of  the  Art  of 

Ventilating  Buildings.  By  W.  P.  Buchan,  R.P.,  Sanitary  Engineer,  Author 
of  “ Plumbing,”  &c.  3s.  6d.t 

272.  ROOF  CARPENTRY ; Practical  Lessons  in  the  Framing  of 

Wood  Roofs.  For  the  Use  of  Working  Carpenters.  By  Geo.  Callings, 
Author  of  “ Handrailing  and  Stairbuilding,”  &c.  2S.  [ Just  published. 

273.  THE  PRACTICAL  PLASTERER  : A Compendium  of  Plain 

.and  Ornamental  Plaster  Work.  By  Wilfred  Kemp.  2s.  [Just  published. 


SHIPBUILDING,  NAVIGATION,  ETC. 

51.  NA  VAL  ARCHITECTURE.  An  Exposition  of  the  Elementary 
Principles.  By  J.  Peake.  Fifth  Edition,  with  Plates.  3s.  6d.t 
S3*.  SHIPS  FOR  OCEAN  & RIVER  SERVICE,  Elementary  and 
Practical  Principles  of  the  Construction  of.  By  H.  A.  Sommkrfbldt.  is.  6d. 
S3**.  AN  ATLAS  OF ENGRA  VINGS  to  Illustrate  the  above.  Twelve 

large  folding  plates.  Royal  4to,  cloth.  7s.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Also  Tables  of  Spars,  Rigging,  Blocks ; Chain,  Wire,  and  Hemp  Rope*, 
&c.,  relative  to  every  class  of  vessels.  By  Robert  Kipping,  N.A.  2s. 


KiT  The  t indicates  that  these  vols.  may  be  had  strongly  bound  at  6 d.  extra. 
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Shipbuilding,  Navigation,  Marine  Engineering,  etc.,  cont. 
IRON  SHIP-BUILDING.  With  Practical  Examples  and  Details. 


By  Johh  Grantham.  C.E.  Fifth  Edition.  4s. 

THE  SAILOR'S  SEA  BOOK:  a ITudimentary  Treatise  on 

Navigation.  By  Jamks  Greknwooo,  B.A.  With  numerous  Woodcuts  and 
Coloured  Plates.  New  and  enlarged  edition.  My  W.  H.  Rosser.  2s.  6d.t 

MARINE  ENGINES  AND  STEAM  VESSELS.  By  Robert 

Murray,  C.E.  Eighth  Edition,  thoroughly  Revised,  with  Additions  by  the 
Author  and  by  George  Carlislb,  C.E.  4s.  6d.  limp  1 5s-  cloth  boards. 

83 bis.  THE  FORMS  OF  SHIPS  AND  BOATS.  By  W.  Bland. 

Eighth  Edition,  Revised,  with  numerous  Illustrations  and  Models,  is.  6d. 

NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 

and  Practice.  By  Prof.  J.  R.  Young.  New  Edition.  2s.  6d. 

SHIPS'  ANCHORS,  a Treatise  on.  By  G.  Cotsell,  N.A.  is.  6d. 
SAILS  AND  SAIL-MAKING.  With  Draughting,  and  the  Centre 

of  Effort  of  the  Sails;  Weights  and  Si2es  of  Ropes:  Masting,  Rigging, 
and  Sails  of  Steam  Vessels,  &c.  12th  Edition.  By  R.  ICipping,  N.A.  2s.  6d.f 

ENGINEER'S  GUIDE  TO  THE  ROYAL  & MERCANTILE 

NAVIES.  By  a Practical  Engineer.  Revised  by  D.  F.  M'Carthy.  3s. 

PRACTICAL  NAVIGATION.  Consisting  of  The  Sailor’s 
Sea-Book.  By  Tames  Greenwood  and  W.  H.  Rosser.  Together  with 
the  requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the 
Problems.  By  H.  Law,  C E.,  and  Prof.  J.  R.  Young.  7s.  Half-bound. 
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AGRICULTURE,  GARDENING,  ETC. 

bi*.  A COMPLETE  READY  RECKONER  FOR  THE  ADMEA 
SUREMENT  OF  LAND,  &c.  By  A.  Arman.  Third  Edition,  revised 
and  extended  by  C.  Norris,  Surveyor,  Valuer,  &c.  2s. 

131.  MILLER'S,  CORN  MERCHANT'S,  AND  FARMER'S 
READY  RECKONER.  Second  ^Edition,  with  a Price  List  of  Modern 
Flour-Alill  Machinery,  by  W.  S Hutton,  C.E.  2s. 

140.  SOILS,  MANURES,  AND  CROPS.  (Vol.  1.  Outlines  or 

Modern  Farming.)  By  R.  Scott  Burn.  Woodcuts.  2s. 

14 1.  FARMING  dr-  FARMING  ECONOMY,  Notes,  Historical  and 

Practical,  on.  (Vol.  2.  Outlines  of  Modern  Farming.)  By  R.  Scott  Burn.  3s. 

142.  STOCK ; CATTLE,  SHEEP,  AND  HORSES.  (Vol.  3. 

Outlines  of  Modern  Farming.)  By  R.  Scott  Burn.  Woodcuts.  2s.  6d. 

145.  DAIRY,  PIGS,  AND  POULTRY,  Management  of  the.  By 

R.  Scott  Burn.  (Vol.  4.  Outlines  of  Modern  Farming.)  2s. 

146.  UTILIZATION  OF  SEWAGE,  IRRIGATION,  AND 

RECLAMATION  OF  WASTE  LAND.  (Yol.  5.  Outlines  of  Modern 
Farming.)  By  R.  Scott  Burn.  Woodcuts.  2s.  6d. 

*„*  Nos.  140- 1 -2  5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  “ Outlinbs  of 
Modern  Farming.”  By  Robert  Scott  Burn.  Price  12 r. 

177.  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of.  From 
the  French  of  Du  Bheuil.  Revised  by  Geo.  Glenny.  187  Woodcuts.  3s.  6d.l 
198.  SHEEP;  THE  HISTORY,  STRUCTURE,  ECONOMY , AND 
DISEASES  OF.  By  W.  C.  Spooner,  M.R.V.C.,  &c.  F'ifth  Edition, 
enlarged,  including  Specimens  ot  New  and  Improved  Breeds.  3s.  6d.t 

201.  KITCHEN  GARDENING  MADE  EASY.  By  George  M.  F. 

Glenny.  Illustrated,  is.  6d.t 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organi- 

zation oj  Farm  Labour.  By  R.  SCOTT  Burn.  2s.  6d.t 

208.  OUTLINES  OF  LANDED  ESTATES  MANAGEMENT. 

By  R.  Scott  Burn.  2s.  6d. 

%*  Nos.  207  6-  208  in  One  Vol.,  handsomely  half -bound,  entitled  u Outlines  op 
Landed  Rstates  and  Farm  Management.”  Bv  R.  Scott  Burn.  Price  6s, 

I he  I indicates  that  these  vols.  may  be  had  strongly  bound  at  0 d.  extra. 
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Agriculture,  Gardening,  etc.,  continued. 

209.  1 11E  TREE  PLANTER  AND  PLANT  PROPAGATOR. 

A Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit  Trees, 
Flowering  Shrubs,  Flowering  Plants,  &c.  By  Samuel  Wood.  2s. 

210.  THE  TREE  PRUNER.  A Practical  Manual  on  the  Pruning  of 

Fruit  Trees,  including  also  their  Training  and  Renovation  ; also  the  Pruning 
of  Shrubs,  Climbers,  and  Flowering  Plants.  By  Samuel  Wood.  is.  6d. 

’«*  Nos.  209  <5-  210  in  One  Vol.,  handsomely  half-bound,  entitled  “The  Tree 
Planter,  Propagator,  and  Pruner.”  By  Samuel  Wood.  Price  3s.  6d. 
218.  THE  HA  Y AND  STRA  IV  MEASURER  : Being  New  Tables 
for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers,  See. 
By  John  Steele.  Fifth  Edition.  2s. 

222.  SUBURBAN  FARAIING.  The  Laying-out  and  Cultivation  of 
Farms,  adapted  to  the  Produce  of  Milk,  Butter,  and  Cheese,  Eggs,  Poultry, 
and  Pigs.  By  Prof.  |ohn  Donaldson  and  R.  Scott  BI'Rn.  3s.  6d.t 

231.  THE  ART  OF  GRAFTING  AND  BUDDING.  By  Charles 

Baliet.  With  Illustrations.  2s.  6d.t 

232.  COTTAGE  GARDENING ; or,  Flowers,  Fruits,  and  Vegetables 

for  Small  t >ardens.  By  E.  Hobday,  is.  6d. 

233.  GARDEN  RECEIPTS.  Edited  by  Charles  \V.  Quin.  is.  6d. 

234.  MARKET  AND  KITCHEN  GARDENING.  By  C.  W.  Siiaw, 

late  Editor  of  “ Gardening  Illustrated.”  3s. t 

239.  DRAINING  AND  EMBANKING.  A Practical  Treatise,  em- 

bodying the  most  recent  experience  in  the  Application  of  Improved  Methods. 
By  John  Scott,  late  Professor  of  Agriculture  and  Rural  Economy  at  the 
Royal  Agricultural  College,  Cirencester.  With  68  Illustrations,  is.  6d. 

240.  IRRIGATION  AND  WATER  SUPPLY.  A Treatise  on  Water 

Meadows,  Sewage  Irrigation,  and  Warping;  the  Construction  of  Wells, 
Ponds,  and  Reservoirs,  &c.  By  Prof.  John  Scott.  With34lllus.  is.  6d. 

24X.  FARM  ROADS,  FENCES,  AND  GATES.  A Practical 

Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the  Farm;  the 
Piinciples  of  Enclosures;  and  the  different  kinds  of  Fences,  Gates,  and 
Stiles.  By  Professor  John  Scott.  With  75  Illustrations,  is.  6d. 

242.  FARM  BUILDINGS.  A Practical  Treatise  on  the  Buildings 

necessary  for  various  kinds  of  Farms,  their  Arrangement  and  Construction, 
with  Plans  and  Estimates.  By  Prof.  John  Scott.  With  105  Ulus.  2s. 

243.  BARN  IMPLEMENTS  AND  MACHINES.  A Practical 

Treatise  on  the  Application  of  Power  to  the  Operations  of  Agriculture;  and 
on  various  M acliinesused  in  the  Threshing-barn,  in  the  Stock-yaVd,  and  in  the 
Dairy,  &c.  By  Prof.  J.  Scott.  With  123  Illustrations.  2s. 

244.  FIELD  IMPLEMENTS  AND  MACHINES.  A Practical 

Treatise  on  the  Varieties  now  in  use,  with  Principles  and  Details  of  Con- 
struction, their  Points  of  Excellence,  and  Management.  By  Professor  John 
Scoi'T.  With  138  Illustrations.  2s. 

245.  AGRICULTURAL  SURVEYING.  A Practical  Treatise  on 

Land  Surveying,  Levelling,  and  Setting-out;  and  on  Measuring  and  Esti- 
mating Quantifies,  Weights,  and  Values  of  Materials,  Produce,  Stock,  &c. 
By  Prof.  John  Scott.  With  62  Illustrations,  is.  6d. 

• • Nos.  239  lo  245  in  One  Vol.,  handsomely  half -bound,  entitled  “The  Completb 
Text-Book  or  Farm  Engineering.”  By  Professor  John  Scott.  Price  12s. 

250.  MEAT  PRODUCTION.  A Manual  for  Producers,  Distributors, 

&c.  By  John  Ewart.  2s.  6d.t 

266.  BOOK- Kk E PING  FOR  FARMERS <$R  ESTATE  OWNERS. 

By  J.  M.  Woodman,  Chartered  Accountant.  2s.  6d.  cloth  limp;  3s.  6d. 
cloth  boards. 

7 he  t indicates  that  these  vois.  may  be  had  strongly  bound  at  6 d.  extra. 
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MATHEMATICS,  ARITHMETIC,  ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a Treatise  on;  Their 

Construction,  Adjustment,  Testing,  and  Use  concisely  Explained.  By  J.  F. 
Heather,  M.A.  Fourteenth  Edition,  revised,  with  additions,  by  A.  T. 
Walmisley,  M.I.C.E.,  Fellow  of  the  Surveyors’  Institution.  Original  Edi- 
tion, in  1 vol.,  Illustrated.  2S.t 

%*  In  ordering  the  above,  be  careful  to  say,  “ Original  Edition  ” (No.  32),  to  distin- 
guish it  from  the  Enlarged  Edition  in  3 vols.  (Nos.  168-9-70.) 

76.  DESCRIPTIVE  GEOMETRY,  an  Elementary  Treatise  on; 

with  a Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  Monge  To  which  is  added,  a description  of  the  Principles  and  Practice 
of  Isometrical  Projection.  By  J.  F.  Heather,  M.A.  With  14  Plates.  2s. 

178.  PRACTICAL  PLANE  GEOMETRY : giving  the  Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  Heather,  M.A.  With  215  Woodcuts.  2s. 

83.  COMMERCIAL  BOOK-KEEPING.  With  Commercial  Phrases 

and  Forms  in  English.  French,  Italian,  and  German.  By  James  Haddon, 
M.A.,  Arithmetical  Master  of  King’s  College  School,  London,  is.  6d. 

84.  ARITHMETIC,  a Rudimentary  Treatise  on:  with  full  Explana- 

tions of  its  Theoretical  Principles,  and  numerous  Examplesfor  Practice.  By 
Professor  J.  R.  Young.  Eleventh  Edition,  is.  6d. 

84*.  A Key  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
with  Comments,  Explanations,  and  Improved  Processes,  for  the  Use  of 
Teachers  and  Unassisted  Learners.  By  J.  R.  Young,  is.  6d. 

85.  EQUA  TIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 

Annuities,  Life  Assurance,  and  General  Commerce  ; with  various  Tables  by 
which  all  Calculations  may  be  greatly  facilitated.  By  W.  Hipsley.  2s. 

86.  ALGEBRA,  the  Elements  of.  By  James  Haddon,  M.A. 

With  Appendix,  containing  miscellaneous  Investigations,  and  a Collection 
of  Problems  in  various  parts  of  Algebra.  2S. 

86*.  A Key  and  Companion  to  the  above  Book,  forming  an  extensive  repository  of 
Solved  Examples  and  Problems  in  Illustration  of  the  various  Expedients 
necessary  in  Algebraical  Operations.  By  J.  R.  Young,  is.  6d. 

88.  EUCLID,  The  Elements  of:  with  many  additional  Propositions 

89.  and  Explanatory  Notes:  to  which  is  prefixed,  an  Introductory  Essay  ( on 
Logic.  By  Henry  Law,  C.E.  2s.  6d.t 

*»*  Sold  also  separately , viz.  : — 

88.  Euclid,  The  First  Three  Books.  By  Henry  Law,  C.E.  is.  6d. 

89.  Euclid,  Books  4,  5,  6,  n,  12.  By  Henry  Law,  C.E.  is.  6d. 

90.  ANALYTICAL  GEOMETRY  AND  CONIC  SECTIONS, 

By  James  Hann.  A New  Edition,  by  Professor  J.  R.  Young.  2s.t 

91.  PLANE  TRIGONOMETRY,  the  Elements  of.  By  James 

Hann,  formerly  Mathematical  Master  of  King’s  College,  London,  is.  6d. 

92-  SPHERICAL  TRIGONOM ETRY,  the  Elements  of.  By  James 

Hann.  Revised  by  Charles  H.  Dowling,  C.E.  is. 

*•*  Or  with  “ 7 he  Elements  of  Pfane  Trigonometry ,”  in  One  Volume,  2s.  6d. 

93.  M L NS  UR  A 11  ON  AND  MEASURING.  Wiih  the  Mensuration 

and  Levelling  of  Land  for  the  Purposes  of  Modern  Engineering.  By  T. 
Baker,  C.E.  New  Edition  by  E.  Nugent,  C.E.  Illustrated,  is.  6d. 

101.  DIFFERENTIAL  CALCULUS,  Elements  of  the.  By  W.  S.  B. 

Woolhousk,  F.R.A.S.,  8ic.  is.  6d. 

102.  INTEGRAL  CALCULUS,  Rudimentary  Treatise  on  the.  By 

Homiirsham  Cox,  B.A.  Illustrated,  is. 

136.  ARU HMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 

Instruction.  By  James  I-Iaddon,  M.A.  Revised  by  A.  Arman,  is.  6d. 

137.  A Key  to  Haddon’s  Rudimentary  Arithmetic.  By  A.  Arman,  is.  6d. 

The  t indicates  that  these  vols.  may  be  had  strongly  bound  at  6 d.  extra. 
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Mathematics,  Arithmetic,  etc.,  continued. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.  Includ- 

ing— I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.  By  J.  F.  Heather,  M. A.  Illustrated,  is.  6d 

169.  OPTICAL  INSTRUMENTS.  Including  (more  especially)  Tele- 

scopes, Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photography.  By  J.  F.  Heather,  M.A.  Illustrated,  is.  6d. 

170.  SURVEYING  AND  ASTRONOMICAL  INSTRUMENTS. 

Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a portion  of  Ground.  II.  Instruments  Employed  in  Astronomical  Observa- 
tions. By  J.  F.  Heather,  M.A.  Illustrated,  is.  6d. 

The  above  three  volumes  form  an  enlargement  of  the  Author's  original  work 
“Mathematical  Instruments .”  (See  No.  32  in  the  Series.) 

168.  | MA  THEM  A TICAL  INSTRUMENTS.  By  J.  F.  Heather, 

169.  \ M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-written.  The  3 Parts  as 
170.7  above,  in  One  thick  Volume.  With  numerous  Illustrations.  4s.  6d.f 

158.  THE  SLIDE  RULE , AND  HOW  TO  USE  IT;  containing 

full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  Charles  Hoare,  C.E.  Sixth 
Edition.  With  a Slide  Rule  in  tuck  of  cover.  2s.  6d.t 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 
TIES ; with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.  By  FGdor  Thoman.  Fourth  Edition.  4S.$ 
199.  THE  COMPENDIOUS  CALCULATOR  ; or,  Easy  and  Concise 

Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions  ; together  with  Useful  Tables.  By 
D.  O’Gorman.  Twenty-seventh  Edition,  carefully  revised  by  C.  Norris. 
2s  6d.,  cloth  limp  ; 3s.  6d.,  strongly  half-bound  in  leather. 

204.  MATHEMATICAL  TABLES,  lor  Trigonometrical,  Astronomical, 

and  Nautical  Calculations  ; to  which  is  prefixed  a Treatise  on  Logarithms. 
By  Henry  Law,  C.E.  Together  with  a Series  of  Tables  for  Navigation 
and  Nautical  Astronomy.  By  Prof.  J.  R.  Young.  New  Edition.  4s. 

204*.  LOGARITHMS.  With  Mathematical  Tables  for  Trigonometrical, 

Astronomical,  and  Nautical  Calculations.  By  Henry  Law,  M. Inst. C.E.  New 
and  Revised  Edition.  ( Kormingpart  of  the  above  Work).  3s. 

221.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONS, and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calen- 
dars. By  W.  S.  B.  Woolhouse,  F.R.A.S.,  F.S.S.  Seventh  Edition,  2s.  6d.t 
227.  MATHEMATICS  AS  APPLIED  TO  THE  CONSTRUC- 
TIVE ARTS.  Illustrating  the  various  processes  of  Mathematical  Investi- 
gation, by  means  of  Arithmetical  and  Simple  Algebraical  Equations  and 
Practical  Examples.  Bv  Fuancis  C ampin.  C.E.  Second  Edition.  3s. t 


PHYSICAL  SCIENCE,  NATURAL  PHILO- 
SOPHY, ETC. 

1.  CHEMISTRY.  By  Professor  George  Fownes,  F.R.S.  With 

an  Appendix  on  the  Application  of  Chemistry  to  Agriculture,  is. 

2.  NATURAL  PHILOSOPHY,  Intioduction  to  the  Study  of.  By 

C.  Tomlinson.  Woodcuts,  is.  6d. 

6.  MECHANICS,  Rudimentary  Treatise  on.  By  Charles  Tom 

linson.  Illustrated,  is.  6d. 

7.  ELECTRICITY ; showing  the  General  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  has  been  applied.  By  Sir  W.  Snow 
Harris,  F.R.S. , &c.  With  Additions  by  R.  Sabinb,  C.E.,  F.S.A.  is.  6d. 
7*.  GALVANISM.  By  Sir  W.  Snow  Harris.  New  Edition  by 
Robert  Sabine,  C.E.,  F.S.A.  is.  6d. 

8.  MAGNETISM ; being  a concise  Exposition  of  the  General  Prin- 

ciples of  Magnetical  Science.  By  Sir  W.  Snow  Harris.  New  Edition, 

revised  by  H.  M,  Noad,  Ph.D.  With  165  Woodcuts.  3s.  fad.t 

I he  1 indicates  teat  these  vols.  mar  be  had  strongly  bound  at  tv/,  extra. 
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Physical  Science,  Natural  Philosophy,  etc.,  cotitinued. 

11.  THE  ELECTRIC  TELEGRAPH ; its  History  and  Progress; 

with  Descriptions  of  some  of  the  Apparatus.  By  R.  Sabinb,  C.E.,  F.S.A.  3s. 

12.  PNEUMATICS , including  Acoustics  and  the  Phenomena  of  Wind 

Currents,  for  the  Use  of  Beginners  By  Charles  Tomlinson,  F.R.S. 
Fourth  Edition,  enlarged.  Illustrated,  is.  6d. 

72.  MANUAL  OF  THE  MOLLUSC  A ; a Treatise  on  Recent  and 
Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S.  Fourth  Edition.  With 
Plates  and  300  Woodcuts.  7s.  6d.,  cloth. 

96.  ASTRONOMY.  By  the  late  Rev.  Robert  Main,  M.A.  Third 

Edition,  by  William  Thynne  Lynn,  B.A.,  F.R.A.S.  2s. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.  By  T.  Baker,  C.E.  Fourth  Edition,  is.  6d. 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  Port- 

lock’s  “Rudiments  of  Geology.”  By  Ralph  Tate,  A.L.S.,  &c.  Woodcuts.  2s. 

174.  HISTORICAL  GEOLOGY,  partly  based  on  Major-General 

Portlock’s  “ Rudiments.”  By  Ralph  Tate,  A.L.S.,  &c.  Woodcuts.  2s.  6d. 
173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 
& Historical.  Partly  based  on  Major-General  Portlock’s  “Rudiments  of 
174.  Geology.”  By  Ralph  Tate,  A.L.S. , F.G.S.,  &c.  In  One  Volume.  4s.  6d.f 
183  ANIMAL  PHYSICS,  Handbook  of.  By  Dr.  Lardner,  D.C.L., 

& formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
,s.  College,  Lond.  With  520  Illustrations.  In  One  Vol.  7s.  6d.,  cloth  boards. 
**  , %*  Sold  also  in  Two  Parts , as  follows  ; — 

183.  Animal  Physics.  By  Dr.  Lardner.  Part  I.,  Chapters  I. — VII.  4s. 

184.  Animal  Physics.  By  Dr.  Lardner.  Part  II.,  Chapters  VIII. — XVIII.  3s. 

269.  LIGHT : an  Introduction  to  the  Science  of  Optic  , for  the  Use  of 

Students  of  Architecture,  Engineering,  and  other  Applied  Sciences.  By  E. 
Wyndham  Tarn,  M.A.  is.  6d.  [Just  published. 


FINE  ARTS. 

20.  PERSPECT IVE  FOR  BEGINNERS.  Adapted  to  Young 

Students  and  Amateurs  in  Architecture,  Painting,  &c.  By  George  Pyne.  2s. 

40  GLASS  STAINING,  AND  THE  ART  OF  PAINTING  ON 

CLASS.  From  the  German  of  Dr.  Gessert  and  Emanuel  Otto  From- 
bhrg.  With  an  Appendix  on  The  Art  of  Enamelling.  2s.  6d. 

69.  MUSIC,  A Rudimentary  and  Practical  Treatise  on.  With 

numerous  Examples.  By  Charles  Child  Spbncer.  2s.  6d. 

71.  PIANOFORTE,  The  Art  of  Playing  the.  With  numerous  Exer- 
cises & Lessons  from  the  Best  Masters.  By  Charles  Child  Spencer.  is.6d. 
69-71.  MUSIC  & THE  PIANOFORTE.  In  one  vol.  Hall  bound,  ?s. 
1 8 1 . PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature, 
Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass.  &c.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Gullick,  assisted 
John  I imbs,  F .S.A.  .Sixth  Edition,  revised  and  enlarged,  cs.t 

186.  A GRAMMAR  OF  CO  LOURING,  applied  tc  Decorative 

Painting  and  the  Arts.  By  George  Fihld.  New  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.  By  Ellis  A. 
Davidson.  With  two  new  Coloured  Diagrams,  &c.  3s. t 

246.  A DICTIONARY  OF  PAINTERS,  AND  HANDBOOK  FOR 

PICTURE  AMATEURS ; including  Methods  of  Painting,  Cleaning,  Re- 
lining  and  Restoring,  Schools  of  Painting,  &c.  With  Notes  on  the  Copyists 
and  Imitators  of  each  Master.  By  Philippe  Daryl.  2s.  6d.J 

The  i indicates  that  these  vols.  may  be  had  strongly  bound  at  6 d.  extra . 
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INDUSTRIAL  AND  USEFUL  ARTS. 

23.  BRICKS  AND  TILES,  Rudimentary  Treatise  on  the  Manufac- 
ture of.  By  E.  Dobson,  M.R.I.B.A.  Illustrated, 354 
67.  CLOCKS,  WATCHES , AND  BELLS,  a Rudimentary  Treatise 
on.  By  Sir  Edmund  Beckett,  LL.D.,  Q.C.  Seventh  Edition,  revised  and  en- 
larged. 4s.  6d.  limp;  5s.  6d.  cloth  boards. 

83**.  CONSTRUCTION  OF  DOOR  LOCKS.  Compiled  from  the 
Papers  of  A.  C.  Hobbs,  and  Edited  by  Charles  Tomlinson.  F.R.S.  2s.  6d. 
162.  THE  BRASS  FOUNDER’S  MANUAL;  Instructions  for 

Modelling,  Pattern-Making,  Moulding,  Turning,  Filing,  Burnishing, 
Bronzing,  &c.  With  copious  Receipts,  ike.  By  Walter  Graham.  2s4 

205.  THE  ART  OF  LETTER  PAINTING  MADE  EASY.  By 

J.G.  Badenoch.  Illustrated  with  12  full -page  Engravings  of  Examples,  is.  6d- 

215.  THE  GOLDSMITH’S  HANDBOOK,  containing  full  Instruc- 

tions for  the  Alloying  and  Working  of  Gold.  By  George  E.  Gee,  3S4 

225.  THE  SILVERSMITH’S  HANDBOOK,  containing  full  In- 
structions for  the  Alloying  and  Working  of  Silver.  By  George  E.  Gee.  35.} 
®„*  The  two  preceding  IVorks,  in  One  handsome  Vm.,  half-bound,  entitled  “Thb 
Goldsmith’s  & Silversmith’s  Complete  Handbook,”  7 s. 

249.  THE  HALL-MARKING  0 F JEWELLERY  PRACTICALLY 
CONSIDERED.  By  George  E.  Gee.  3S4 
224.  COACH  BUILDING,  A Practical  Treatise,  Historical  and 
Descriptive.  By  J.  W.  Burgess.  2s.  6d4 
235.  PRACTICAL  ORGAN  BUILDING.  By  W.  E.  Dickson, 

M. A.,  Precentor  of  Ely  Cathedral.  Illustrated.  2s.  6d.t 

262.  THE  ART  OF  BOOT  AND  SHOEMAKING.  By  John 

Bedford  1 eno.  Numerous  Illustrations.  Third  Edition.  2s. 

263.  MECHANICAL  DENTISTRY  :■  A Practical  Treatise  on  the 

Construction  of  the  Various  Kinds  of  Artificial  Dentures,  with  Formulas, 
Tables,  Receipts,  &c.  Bv  Charles  Hunter.  Third  Edition.  3s.t 
270.  WOOD  ENGRAVING:  A Practical  and  Easy  Introduction  to 
the  Study  of  the  Art.  By  W.  N.  Brown,  is.  6d. 


MISCELLANEOUS  VOLUMES. 

36.  A DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHAE- 
OLOGY, the  FINE  ARTS,  &-c.  By  John  Weale.  Sixth  Edition.  Revised 
by  Robert  Hunt,  F.R.S.  Illustrated.  5s.  limp;  6s.  cloth  boards. 

50.  LABOUR  CONTRACTS.  A Popular  Handbook  on  the  Law  of 
Contracts  for  Works  and  Services.  By  David  Gibbons  Fourth  Edition, 
Revised,  with  Appendix  of  Statutes  by  T.  F.  Utiley,  Solicitor,  3s.  6d.  cloth. 
1 12.  MANUAL  OF  DOMESTIC  MEDICINE.  By  R.  Gooding, 

B A.  M.D.  A Family  Guide  in  all  Cases  of  Accident  and  Emergency  2S. 

112*.  MANAGEMENT  OF  HEALTH.  A Manual  ot  Home  and 

Personal  Hygiene.  By  the  Rev.  James  Baird,  B.A.  is. 

ICO.  LOGIC,  Pure  and  Applied.  By  S.  H.  Emmens.  is.  6d. 

153.  SELECTIONS  FROM  LOCKE'S  ESSAYS  ON  THE 

HUMAN  UNDERSTANDING.  With  Notes  by  S.  H.  Emmens.  2s. 

154.  GENERAL  HINTS  TO  EMIGRANTS.  2s. 

ic7.  THE  EMIGRANTS  GUIDE  TO  NATAL.  By  R.  Mann.  2s. 

193.  HANDBOOK  OF  FIELD  FORTIFICATION.  By  Major 

W.  W.  Knollvs,  F.R.G.S.  With  163  Woodcuts.  3S4 

194.  THE  HOUSE  MANAGER:  Being  a Guide  to  Housekeeping. 

Practical  Cookery,  Pickling  and  Preserving,  Household  Work,  Dairy 
Management,  &c.  By  An  Old  Housekeeper.  3s.  6d.i 

194,  HOUSE  BOOK  [The).  Comprising  ; — I.  The  Hopse  Manager. 

II2&  By  an  Old  Housekeeper.  IT.  Domestic  Medicine.  By  R.  Gooding,  M.D. 
XX->*  111.  Management  op  Health.  By  J.  Baird.  In  One  V ol.,  half-bound,  6s. 

(kjy-  The  t indicates  that  these  rots  may  be  had  strongly  bound  at  6 d.  extra. 
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HISTORY. 

1.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Progress  of  the  English  Constitution.  By 
William  Douglas  Hamilton,  F.S.A.,  of  Her  Majesty’s  Public  Record 
Office.  4th  Edition,  revised.  5s.  ; cloth  boards,  6s. 

5.  Greece,  Outlines  of  the  History  of;  in  connection  with  the 
Rise  of  the  Arts  and  Civilization  in  Europe.  By  W.  Douglas  Hamilton, 
of  University  College,  London,  and  Edward  Lbvien,  M.A.,  of  Balliol 
College,  Oxford.  2s.  6d. ; cloth  boards,  3s.  6d.  ' 

7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Lkvien,  of  Balliol  College,  Oxford.  Map,  2s.6d. ; cl.  bds.  3s. 6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  of  the  World  to  the  Present  Time.  The  Continuation  by 
W.  D.  Hamilton,  F.S.A.  3s.  ; cloth  boards,  3s.  6d. 

SO.  Dates  and  Events  in  English  History,  for  the  use  of 

Candidates  in  Public  and  Private  Examinations.  By  the  Rev.  E.  Rand.  is. 


ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar  of  the  English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philology.  By  Hydb 
Clarke,  D.C.L.  Fifth  Edition,  is.  6d. 

12.  Dictionary  of  the  English  Language,  as  Spoken  and 

Written.  Containing  above  100,000  Words.  By  Hyde  Clarke.  D.C.L. 
3s.  6d. ; cloth  hoards,  4s.  6d. ; complete  with  the  Grammar,  cloth  bds.,  5s.  6d. 

48.  Composition  and  Punctuation,  familiarly  Explained  for 

those  who  have  neglected  the  Study  of  Grammar.  By  Justin  BrenAN. 
18th  Edition,  is.  6d. 

49.  Derivative  Spelling-Book:  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  Languages  ; with  their  present  Acceptation  and  Pronunciation. 
By  J.  Kowbotham,  FLR.A.S.  Improved  Edition,  is.  6d. 

SI.  The  Art  of  Extempore  Speaking:  Hints  for  the  Pulpit,  the 
Senate,  and  the  Bar.  By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translated  from  the  French.  8th  Edition,  carelully  corrected.  2s.  6d. 

54-  Analytical  Chemistry,  Qualitative  and  Quantitative,  a Course 
of.  To  which  is  prefixed,  a Brie!  Treatise  upon  Modern  Chemical  .Nomencla- 
ture and  Notation.  By  Wm.  W.  Pink  and  George  E.  Webster.  2s. 


THE  SCHOOL  MANAGERS’  SERIES  OF  READING 

BOOKS, 

Edited  by  the  Rev.  A.  R.  Grant,  Rector  of  Hitcham,  and  Honorary  Canon  of  Ely ; 
formerly  H.M.  Inspector  of  Schools. 

Introductory  Primer,  $d. 


First  Standard 
Second  . „ . 

Third 

Lessons  prom  the  Bible. 


s.  d. 
o 6 

0 10 

1 o 


Fourth  Standard 
Fifth  „ 

Sixth 


Parti.  Old  Testament,  is. 


s.  d. 
z 2 
1 6 

x 6 


Lessons  prom  the  Bible.  Part  II.  New  Testament,  to  which  is  added 
1 he  Geography  of  the  Bible,  for  very  young  Children.  By  Rev.  C 
Thornion  I’OKsibr.  is.  2d.  %*  Or  the  Two  Pa rts  in  One  Volume.  2s. 
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FRENCH. 

24.  French  Grammar.  With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.  By  G.  L.  Strauss,  Ph.D.  is.  6d. 

25.  French-English  Dictionary.  Comprising  a large  number  of 

New  Terms  used  in  Engineering,  Mining,  &c.  By  Alfrbd  Elwbs.  is.  6d. 

26.  English-French  Dictionary.  By  Alfred  Elwes.  2s. 
25,26.  French  Dictionary  (as  above).  Complete,  in  One  Vol.,  3s. ; 

cloth  boards,  3s.  6d.  *#*  Or  with  the  Grammar,  cloth  boards,  4s.  6d. 

47.  French  and  English  Phrase  Book  : containing  Intro- 

ductory Lessons;  with  Translations,  several  Vocabularies  of  Words,  a Col- 
lection of  suitable  Phrases,  and  Easy  Familiar  Dialogues,  is.  6d, 


GERMAN. 

39.  German  Grammar.  Adapted  for  English  Students,  from 

Heyse’s  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  Strauss,  is.  6d. 

40.  German  Reader:  A Series  of  Extracts,  carefully  culled  from  the 

most  approved  Authors  of  Germany ; with  Notes,  Philological  and  Ex- 
planatory. By  G.  L.  Strauss,  Ph.D.  is. 

41-43.  German  Triglot  Dictionary.  By  N.  E.  S.  A.  Hamilton. 

In  Three  Parts.  Part  I.  German-French-English.  Part  II.  English-Ger- 
man-French. Part  III.  Frencb-German-English.  3s.,  or  cloth  boards,  43. 
41-43  German  Triglot  Dictionary  (as  above),  together  with  German 
Sc  39.  Grammar  (No.  39),  in  One  Volume,  cloth  boards,  5s. 

ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a Course 

of  Exercises.  By  Alfred  Elwes.  is.  6d. 

28.  Italian  Triglot  Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfred  Elwes. 
Vol.  1.  Italian-Englisb-French.  2s.  6d. 

30.  Italian  Triglot  Dictionary.  By  A.  Elwes.  Vol.  2. 

English-French-Italian.  2s.  6d. 

32.  Italian  Triglot  Dictionary.  By  Alfred  Elwes.  Vol.  3. 

French-Italian-English.  2s.  6d. 

28,30,  Italian  Triglot  Dictionary  (as  above).  In  One  Vol.,  7s.  6d. 

32.  Cloth  boards. 

SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a Simple  and  Practical  Form.  With 

a Course  of  Exercises.  By  Alfred  Elwes.  is.  6d.  . 

35.  Spanish-English  and  English-Spanisb  Dictionary. 

Including  a large  number  of  Technical  1 erms  used  in  Mining,  Engineering,  &c. 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfred  Elwbs 
4S.  ; cloth  hoards,  5s.  V Or  with  the  Grammar,  cloth  boards,  6s. 

55.  Portuguese  Grammar,  in  a Simple  and  Practical  Form. 

With  a Course  of  Exercises.  By  Alfred  Elwes.  is.  6d. 

56.  Portuguese- English  and  English-Portuguese  Dic- 

tionary. Including  a large  number  of  Technical  lerms  used  'n  Mining, 
> ngineering,  &c.,  with  the  proper  Accents  and  lie  Ge  der  of  every^Njiurt . 
Bv  Alfred  Elwes.  Second  Edition,  Revised,  5s. ; cloth  boards,  6s.  » Ur 

with  the  Grammar,  cloth  boards,  7s. 

HEBREW. 

46*.  Hebrew  Grammar.  By  Dr.  Bresslau.  is.  6d.  _ 

44.  Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical; 

containing  the  Hebrew  and  Chaldee  Roots  of  the  Old  lestament  Post- 
Rabbinical  Writings.  By  Dr.  Bresslau.  6s. 

46.  English  and  Hebrew  Dictionary.  By  Dr.  Bresslau.  3s. 
44,46.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 
46*.  'the  Grammar,  cloth  boards.  12s.  __ __ 
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LATIN. 

19.  Latin  Grammar.  Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.  By  the  Rev.  Thomas  Goodwin, 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,  is.  6d. 

20.  Latin-English  Dictionary.  By  the  Rev.  Thomas  Goodwin, 

M.A.  2s. 

22.  English-Latin  Dictionary;  together  with  an  Appendix  of 
French  and  Italian  Words  which  have  their  origin  from  the  Latin.  By  the 
Rev.  Thomas  Goodwin,  M.A.  is.  6d. 

20,22.  Latin  Dictionary  (as  above).  Complete  in  One  Vol.,  3s.  6d. 

cloth  boards,  4s.  6d.  *,*  Or  with  the  Grammar,  cloth  boards,  5s.  6d. 

LATIN  CLASSICS.  With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.  Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Young,  is.  6d: 

2.  Caesaris  Commentarii  de  Bello  Gallico.  Notes,  and  a Geographical 

Register  for  the  Use  of  Schools,  by  H.  Young.  2s. 

3.  Cornelius  Nepos.  With  Notes.  By  H.  Young.'  is. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.  With  Notes  on  the  Buco- 

lics by  W.  Rushton,  M.A.,  and  on  the  Georgies  by  H.  Young,  is.  6d. 

5.  Virgilii  Maronis  ^Eneis.  With  Notes,  Critical  and  Explanatory, 

by  H.  Young.  New  Edition,  revised  and  improved  With  copious  Addi- 
tional Notes  by  Rev.  T.  H.  L.  Leary,  D.C.L.,  lormerly  Scholar  ot  Brasenose 
College,  Oxford.  3s. 

5* Part  i.  Books  i. — vi.,  is.  6d. 

5**  Part  2.  Books  vii. — xii.,  2s. 

6.  Horace;  Odes,  Epode,  and  Carmen  Saeculare.  Notes  by  H. 

Young,  is.  6d. 

7.  Horace;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  Brown- 

rigg  Smith,  M.A.,  F.R.G.S.  is.  6d. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Jugurthinum.  Notes,  Critical 

and  Explanatory,  by  W.  M.  Donne,  B.A.,  Trin.  Coll.,  Cam.  is.  6d. 

9.  Terentii  Andria  et  Heautontimorumenos.  With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  is.  6d. 

10.  Terentii  Adelphi,  Hecyra,  Phormio.  Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  2s. 

11.  Terentii  Eunuchus,  Comoedia.  Notes,  by  Rev.  J.  Davies,  M.A. 

is.  6d. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.  Edited,  with  an 

Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  the  Rev. 
James  Davies,  M.A.  is.  6d. 

13.  Ciceronis  Orationes  in  Catilinam,  Verrem,  et  pro  Archia. 

With  Introduction.  Analysis,  and  Notes,  Explanatory  and  Critical,  by  Rev. 
T.  H.  L.  Leary,  D.C.L.  formerly  Scholar  of  Brasenose  College,  Oxford, 
is.  6d. 

14.  Ciceronis  Cato  Major,  Laelius,  Brutus,  sive  de  Senectute,  de  Ami- 

citia,  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  Bkownrigg  Smith 
M.A.,  F.R.G.S.  zs. 

16.  Livy  : History  of  Rome.  Notes  bv  H.  Young  and  W.  B.  Smith, 

M.A.  Part  I.  Books  i.,  ii.,  is.  6d. 

• 16*. Part  2.  Books  iii.,  iv.  v.,  is.  fid. 

17.  Part  3.  Books  xxi.,  xxii.,  is.  6u. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Propertius, 

and  Ovid.  Notes  by  W.  B.  Donnb,  M.A.,  Trinity  College,  Cambridge.  2s. 

20.  Latin  Prose  Selections,  from  Varro,  Columella,  Vitruvius, 

Seneca,  Quintilian,  Floras,  Velleius  Paterculus,  Valerius  Maximus  Sueto- 
nius, Apuleius,  8cc.  Notes  by  W.  B.  Donnb,  M.A.  2s. 

21.  Juvenalis  Satirae.  With  Prolegomena  and  Notes  by  T.  H.  S. 

Escott,  B.A  , Lecturer  on  Logic  at  King’s  College,  London.  2s. 
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GREEK. 

14.  Greek  Grammar,  in  accordance  with  the  Principles  and  Philo- 


logical Researches  of  the  most  eminent  Scholars  of  our  own  day. 
Claude  Hamilton.  is.  6d. 


By  Hans 


2.  3* 
4- 

S-12. 


15,17.  Greek  Lexicon.  Containing  all  the  Words  in  General  Use,  with 
their  Significations,  Inflections,  and  Doubtful  Quantities.  By  Henry  R. 
Hamilton.  Vol.  1.  Greek-English,  2s.  6d. ; Vol.  2.  English-Greek,  2s.  Or 
the  Two  Vols.  in  One,  4s.  6d. : cloth  boards,  5s. 

14,15.  Greek  Lexicon  (as  above).  Complete,  with  the  Grammar,  in 

17.  One  V ol.y cloth  boards,  6s. 

GREEK'  CLASSICS.  With  Explanatory  Notes  in  English. 

1.  Greek  Delectus.  Containing  Extracts  from  Classical  Authors, 
with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Young.  New 
Edition,  with  an  improved  and  enlarged  Supplementary  Vocabulary,  by  John 
Hutchison,  M.A.,  of  the  High  School,  Glasgow,  is.  6d. 

Xenophon’S  Anabasis;  or,  The  Retreat  of  the  Ten  Thousarid. 

Notes  and  a Geographical  Register,  by  H.  Young.  Part  1.  Books  i.  to  iii., 
is.  Part  2.  Books  iv.  to  vii . , is. 

Lucian’s  Select  Dialogues.  The  Text  carefully  revised,  with 
Grammatical  and  Explanatory  Notes,  by  H.  Young,  is.  6d. 

Homer,  The  Works  of.  According  to  the  Text  of  Baeumlein. 

With  Notes,  Critical  and  Explanatory,  drawn  from  the  best  and  latest 
Authorities,  with  Preliminary  Observations  and  Appendices,  by  T.  H.  L. 
Lkary,  M.A.,  D.C.L. 

The  Iliad  : Part  1.  Books  i.  to  vi.,  is.6d.  Part  3.  Books  xiii.  to  xviii.,  is.  6d 

Part  2.  Books  vii.  to  xii.,  is.6d.  Part  4.  Books  xix.  to  xxiv.,  is.  6d. 

Thk  Odyssey:  Parti.  Books  i.  to  vi.,  is.  6d  Part  3.  Books  xiii.  to  xviii.,  is.  6d. 

Part  2.  Books  vii.  to  xii.,  is.  6d.  Part  4.  Books  xix.  to  xxiv.,  and 

Hymns,  2s. 

Plato’s  Dialogues:  The  Apology  of  Socrates,  the  Crito,  and 

the  Phaedo.  From  the  Text  of  C.  F.  Hermann.  Edited  with  Notes.  Critical 
and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  2s. 

Herodotus,  The  History  of,  chiefly  alter  the  Text  of  Gai*sford. 

With  Preliminary  Observations  and  Appendices,  and  Notes,  Critical  and 
Explanatory,  by  T.  H.  L.  Leary,  M.A.,  D.C.L. 

Part  I.  Books  i.,  ii.  (The  Clio  and  Euterpe),  2s. 

Part  2.  Books  iii.,  iv.  (The  Thalia  and  Melpomene),  2s. 

Part  3.  Books  v.-vii.  (The  Terpsichore,  Erato,  and  Polymma),  2s. 

Part  4.  Hooks  vi  ii . , ix.  (The  Urania  and  Calliope)  and  Index,  is.  6d. 

18.  Sophocles:  fEdipus  Tyrannus.  Notes  by  H.  Young,  is. 

20  Sophocles:  Antigone.  From  the  Text  of  Dindork.  Notes, 

Critical  and  Explanatory,  by  the  Rev.  John  Mn.NER,  B. A 2s 

Euripides:  Hecuba  and  Medea.  Chiefly  from  the  Text  of  Din- 

dorf  With  Notes,  Critical  and  Explanatory,  by  W.  Bro\vnr.gg  Smith 

26.  E^mipidesf  Alcestts.  Chiefly  from  the  Text  of  Dindorf.  With 

Notes,  Critical  and  Explanatory,  by  John  Milner,  B. A.  is.6d. 
^Eschvlus:  Prometheus  Vonctus  : The  Prometheus  Bound  From 
the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
bv  the  Rev.  ]ames  Davies,  M.A.  is. 

^Eschylus:  Septem  Contra  Thebes  : The  Seven  against  Thebes. 
From  the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  James  Davies,  M.A.  is.  „ 

Aristophanes:  Acharnians.  Chiefly  from  the  Text  of  C.  H. 

Whisk.  With  Notes,  hy  C.  S.  T.  Townshbnd,  M.A  is.  6d. 
Thucydides:  History  of  the  Peloponnesian  War.  Notes  by  H. 

Xenophon’s' Panegyric  on  Agesilaus.  Notes  and  Intro- 

De m ost hen e's^  Th^ Oration6 on  the  Crown  and  , be  Philippics. 
•MTSuhNo.es.  By  Rev.  T.H.  L.  Leaky,  D.C.L..  former!)  JscbolUr  of 
Brasenose  College,  Oxtord  is. 


«3- 


14-U. 


3°- 

32- 

4°. 

41  • 

42. 

43- 
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